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(54) Peristaltic pump tube cassette tor blood processing systems and the like 



(57) The cassette has two peristaltic pump loops 
(134 J 36), projecting from side walls outside the cas- 
sette and connecting with ports (T4-T7). The cassette 
is fomried internally with a series of first cavities (F,*^) 
which define a primary path (F1). leading from a liquid 
port (tl) on the sidewalls. and branch paths (F4>f7 and 
F11-F19) between the primary path and the pump loop 
ports. Second cavities define valves (V^) with dia- 
phragms (1 1 6) and which can be actuated to switch f tow 
Irom Ihe primary path (F1 ) between the branch paths. 
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Description 

Field ol the Invention 

5 The irwentton relates to a liquid fbw cassette which is useful lor blood pr^ 

BackQiDund ot the Invention 

Today people routinely separate whole blood by centrifugatton Into its various therapeutic components, such as 
10 red bfood cells, ptatetets, and plasnna. 

Conventional blood processing methods use durable centrifuge equipment nrt association with single use. sterile 
processing systems, typically made of plastic. The operator toads the disposable systems upon the centhf uge.before 
processing and removes them aftenwards. 

Conventional centrifuges often do not permit easy access to the areas where the disposable systenis reside durlnig 
IS use. As a result, loading and unloading operations can be time consuming and tedious. 

Disposable systems are often preformed into desired shapes to simplify the loading and unloading process. How- 
ever, this approach Is often counter-productive, as it Increases the cost of the disposables. 

US-A-4,526.51 5 discloses a fluid pumping assembly comprising a module supporting one or more flexible conduits 
portions of which are disposed outwardly of the nuxlule in upright, freestanding positions. 

20 ' 

Summaw of the Invention 

The present invention is defined in the appended claims and makes possible Improved liquid processing systems 
that provide easy access to external and internal components for k)ading and unloading disposable processing com- 
25 ponenls. The invention achieves this objective without complfcating or increasing the cost ol the disposable compo- 
nents. The invention allows relatively inexpensive and straightforward disposable components to be used. 

One aspect of the invention provkies a cassette ttiat senses in associatkm with one or more peristaltic pumps to 
centralize pumping, valving. and pressure sensing functions. 

The invention provides a liquid flow cassette comprising a housing having skte wails prcvkJed with first second 
30 third arid fourth pump pprts and a liquki port, 

first and second flexible tubing loops outside the housing for engagement with respective pump rotors, the first 
tubing loop extending between the first and second ports and the; second tubing loop extending between the third 
and fourth ports, 

3S the Ikiiuki port being attachable to a leris|th of tubing oulskle the housing, 
characterised by> 

a first series of cavities formed in the housing interior and defining a primary path in communication with the liqukJ 
40 port, and first, second third and fourth, branch paths between the primary path and respective ports, and 

a second series of cavities formed in the housing interior and defining valve means with valve diaphragms, whk:h 
flex iridepenctomty ol each other in response to the application of external force, 
. the valve means beingoperabte to establish liquid flow communk»tk)n between the primary path and any selected 
one of sakJ branch paths. 

45 * . 

The features and advantages of the invehtkm will become apparent from Ih^ folkwing descr^tbn and drawings. 

Brief Descriplton of the Drawings 

so Fig 1 is a perspective view of a centrifugal assembly; 

Fig 2 is an expkxJed perspective view of a disposable ftuM processing assembly useMe in associatkm with the 
centrifuge assembly shown in Fig 1; 

Fig 3 is a perspective view of a centrifugal processing system comprising the centrtfuge assembly shown in Fig 1 
and the fluid processing assembly shown in Fig 2 when associated lor use; 
ss Fig 4 is an exploded perspective view ol the back side ol Iluk) control cassette that is incorporated in the flukJ 
processing assembly shown in Fig 2; 

Fig. 5 is a perspective view of the front side ol the cassette body shown in Fig. 4; 

Fig. 6 Is a plan view of the tlukl circuits and Interconnecting valve and sensing stations that the cassette body 
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shown in Fig. 4 carries, looking at the back side of the cassette body; 

Fig. 7 is a skie view of the cassette body, taken generally ak)ng line 7-7 in Fig. 6; 

Fig. 6 is an enlarged side section view of a representative valve stetion kicated within the cassette body shown in 
Fig. 4; 

Fig. 9 is a plan view, taken on the back skie of the cassette body, of the cassette shown in Fig. 4, with the tubing 
loops attached an6 ready for use; 

Fig. 10 is a perspective view of the organizer tray that the fluki processing assembly shown in Fig. 2 Incorporates; 
Fig. 11 is an exploded view of the packaging of a representative flijid circuit within the tray shown in Fig! 10; 
Fig. 12 is a perspective view of the flukJ circuit and tray shown in Fig. 11 » when unpacked and ready for use; 
Rg. 13 is an enlarged perspective view of the drip chamber associated with the fluki circuit, heki in the hand of 
the user; 

Fig. 14 is an enlarged perspective view-of the drip charrtber shown in Fig. 1 3 being squeezed by the user for air 
purging and priming; 

Fig, 1 5 is a diagrammatic chart showing the enhanced field of view that the drip chamber shown in Fig. 1 3 provides; 
Fig. 16 is an expkxied perspective view of the unribi)k:us associated with the fluid processing assembly shown in 

Pig. 2; . ' 

Fig. 17 is a skto sectk>n view of the thrust bearing member carriied by the umbilicus, taken generally atong line 
17-17 in Fig. 16; 

Rg. 16 is an enlarged cross section view of.thecoextruded body of the timbilicusshow^ 16; 

Fig. 19 is a diagrammatic view of a representative single needle fluid processing assembly usable in assodatbn 

with the centrifuge assembly shown in Fig. 1; 

Fig. 20 is a diagrammatic view of a representative.double needle fluid processing assembly usable in associatkxi 
with the centrifuge assembly shown in Fig. 1 ; 

Fig. 21 is a skJe elevation view of the centrifuge assembly shown in Fig. 1, with the fluki processing assembly 
mounted for use. and with portk)ns broken away to show the compartment that houses the associated centrifuge; 
Fig. 21 A is a skle elevatton view like Fig. 21, but showing the angled relaltonship of the varkJus components; 
Fig. 22 is a perspective view of the compartment with the door opened to gain access ib the centrifuge; 
Fig. 23 is a perspective view of the Cassette holding stations located on the sloped front panel of the centrifuge 
assembly, just above the associated centrifuge shown in Figs. 21 and 22; 

Fig. 24 is a perspective view of the pump and valve modules on one cassette holding statbn. with the splash guard 
lifted to show the associated valve assemblies and pressure sensors; 

Fig. 25 is a perspective view of a cassette, carried within the tray, positioned for placement on the cassette holding 
station shown in Fig. 24; 

Fig. 26 is a side sectron view of the cassette as it is being k>wered upon the cassette hokiing statbn shown in Rg. 
25. and also showing in an elevated side section view the interior of an associated pump module; 
Fig. 27 is a side section view of the cassette lowered upon the cassette hokfing statkxi shown in Fig. 25. with the 
associated gripping elements shown in an unlocked position; 

Fig. 28 is a side section view of the cassette lowered upon the cassette h6Wing statton shown In Fig. 25, with the 
associated gripping elements shown in a locked pbsitton; 

Figs. 29 to 31 are enlarged views, with portons broken away and in sectfon, of the locking mechanism for one of 
the gripping elements shown in Rg. 24; 

Figs. 32 to 34 are enlarged views, with portk)ns broken away and in sectkm, showing the manually release of the 
locking mechanism shown in Figs. 29 to 31 . in the event of a power or mechanical failure; 
Fig. 35 is an expkxJed perspective view of the rotor assembly and its associated roller tocation mechanism that 
the pump module shown in Fig. 26 incorporates; 

Fig. 36 is an assembled perspective view of the roller location mechanism shown in Fig. 35; 

Figs. 37 and 38 are top views of parts of the roller beating mechanism shown in Figs. 35 and 36, with the rollers 

shown in their retracted positions; 

Figs. 39 and 40 are top views of parts of the roller beating nrtechanism shown in Figs. 35 and 36; with the rollers , 
shown in their extended positbns; 

Figs. 41 to 43 are enlarged perspective views of the seH-taading mechanism of the pump module; 
Figs. 44A and 44B are diagrammatic sbe views of aspects of the self-bading feature that the pump nxxiule in- 
corporates; 

Figs. 45 and 46 are top view- of the pump module showing the retractkx) and extension of the rollers to perform 
a valving function; 

Fig. 47 is an exploded perspective view of the centrifuge shown in Figs. 21 and 22 showing the structure that 
support the rotating mass of the centrifuge; - 

Fig. 48 is an asserribled perspective view of the centrifuge shown ki Rg. 47 from within the centrifuge; 
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Fig. 49 is an enlarged perspective view of the centrifuge shown in Figs. 21 and 22. with the associated chamber 
assembly being shown in its operating position; 

Fig. 50 is a side elevation view of the centrifuge assembly shown in Fig. 1, with portions being broken away to 
show the interkx compartment housing the centirifuge (-also shown in Fig. 49) with the associated chambisr as- 
s sembly being shown in its loading position; 

Fig. 51 is an enlarged perspective view of the centrifuge shown in Fig 59. with the associated chamber assembly 
being shown in its loading position (as Fig. 50 also shows); 

Fig. 52 is an enlarged perspective view of the chamber assembly shown in Fig. 51 , with the spool upraised from 
the bowl to receive a disposable processing chamber; 

10 Figs. 53 and 54 are enlarged perspective views of the latch and receiver elements associated with chamber as- 
sembly, with the elements shown latched together in Fig. 53 and unlatch apart in Fig. 54; 
Fig. 55 is an exploded perspective view of the latch element shown in Figs.. 53 and 54; 
Figs. 56 and 57 are enlarged side section views of the latch and receiver elements shown in Figs! 53 and 54, with 
the elements shown latched together in Fig. 56 and unlatched and apart in Fig. 57; 

IS Figs. 58 and 59 are side views of the centrifuge shown in Fig. 49, with the chamber assembly in its operating 
position, and the umbilicus of the fluid processing assembly held by upper, lower, and middle mounts for rotation; 
Figs. 60 to 62 show the upper umbilicus mount In association with the upper umbilicus support memt>er; 
Figs. 63 and 64 show the middle umbilicus. mount in association with the. umbilicus thrust bearing merhber, 
Figs. 65 to 68 show the lower umbilicus mount in association with the tower umbilicus support member; 

20 Fig. 69 is a diagrarrtmattc view of the umbilicus when held by the centrifuge mounts in the desired orientatiori for use; 
Figs. 70 to 75 show the steps by which the user sets up the tray-nK>unted fluid processing assembly on the cen- 
trifuge assembly; and 

Figs. 76 to 79 show the steps by which the usdr removes and disposes of the fluid processing assembly after a 
given processing procedure. 

25 • . 

DescrlpUon of the Pretorred Embodlmente 

Figs. 1 to 3 show a centrifugal processing system 1 0 that embodies the features of the invisntlon. The system ,1 0 
can be used for processing various fluids. The system 10 is particularly well suited for processing whole blood and 
30 other suspensions of biological cellular materials. Accordingly, the illustrated embodiment shows the system 10 used 
tor this purpose. 

The system 10 includes a centrifuge assembly 12 (see Fig. 1) and a fluid processing assembly 14 (see Fig. 2) 
used in association with the ceritriluge assembly (see Fig. 3). 

The centrifuge assembly 12 is intended to be a durable equipment item capable of long term, maintenance free 
3S use. The fluid processing assembly 1 4 is Intended to be a single use, disposable item loaded on the centrifuge assembly 
12 at time of use (as Fig. 2 shows). 

As will be described in greater detail later, the operator removes the fluid processing assembly 14 from the cen- 
trifuge assembly 12 upon the completing the procedure and discards it. 

40 I, THE FLUiD PROCESSING ASSEMBLY 

Fig. 2 shows an exploded view of the disposable processing assembly 14 that is usable in association with the 
centrifuge assembly. 

The assembly 14 includes a processing chamber 16. In use. the centrifuge assembly 12 rotates the processing 
46 chamber 16 to centrifugally separate blood components. The construction of the processing chamber 16 can vary A 
preferred constmction will be described later. 

the processing assembly 14 includes an array of flexible tubling that forms a fluid circuit 18. The fluid circuit 18 
conveys liquids to and from the processing chamber 16. 

The fluid circuit 18 inciudes a number of containers 20. In use, the containers 20 fit on hangers on the centrifuge 
so assembly 1 2 (see Fig. 2) to cfepense and receive liquids durmg processing. 

The fluid circuit 16 includes one or more in line cassettes 22. Fig. 2 shows three cassettes, designated 22A; 22B; 
and22C. 

The cassettes 22A/B/C/ serve in association with pump and valve stations on the centrifuge assembly 12 to direct- 
liquid flow among the multiple liquid sources and destinations during a blood processing procedure. The cassettes 
ss 22A/B/C centralize the valving and pumping functions to carry out the selected procedure. Further details of these 
functions will be provided later. 

A portion of the fluid circuit 18 leading between the cassettes 22 and the processing chamber 16 Is bundled together 
to ioTtn an umbilicus 24. The umbilicus 24 links the rotating parts of the processing assembly 1 4 (principally the prbcess- 
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ing chamber 16) wHh the nonrotating» stationa^ part of the processing assembly 1 4 (principally the cassettes 22 and 
containers 20). Tlie umbilicus 24 links the rotating and stationary parts of the processing assembly 14 without using 
rotating seals. Further details of a preferred construction for the umbilicus 24 will be provided later. 

In the illustrated and preferred embodiment, the fluid circuit 1 8 preconnects the processing chamber 16, the con- 
& tainers 20, and the cassettes 22. The assembly 14 thereby forms an integral, sterile unit. 

In the illustrated and preferred embodiment, the entire processing assembly 14 is packaged for use within an 
organizer tray 26. The tray 26 holds the processing chamber 16, the containers 20, the cassettes 22. and fluid circuit 
18 in an orderly, compact package before use: During use (see Fig. 3), the organizer tray 26 mounts on the centrifuge 
, assembly 12. After processing, the tray 26 receives the processing ^ssembly 14 for disposal. 
10 Further details of the organizer tray 26 and the sat up and removal of the processing assembly 1 4 will be described 
In greater detaillatef. 

•(» The Fluid Processing Casertte 

• (5 Each cassette 22A/B/C shares the same constmction. Figs. 4 to 9 show the details of the preferred construction. 

As Figs. 4 and 5 best show, the cassette 22 Includes an injection molded body 110 that is compartmentalized by 
an Interior wall 534 to present a front side 112 (see Fig. 5) and a back side 114 (see Fig. 4). For the purposes of 
description, the front side 112 is the side of the cassette 22 that, in use, faces toward the centrifuge assembly 12. 
A flexible diaphragm 116 overlies the front side 112 of the cassette 22. A generally rigid back panel 116 overlies 
^ the back side 114 of the cassette. 

The cassette 22. Interior wall 534. and back panel 11 8 are preferably made of a rigU medical grade plastb material. 
The diaphragm 1 1 6 is preferably rriade of a flexible sheet of medical grade plastic. The diaphragm 1 1 6 and back panel 
118 are sealed about their peripheries to the peripheral edges of the front and back sides 112/114 of the cassette 22. 
As Figs. 4 and 5 also.best show; the front and back sides 112/114 of the cassette 22 contain prefomf^ed cavities. 
2S On the front side 1 1 2 of the cassette 22 (see Fig. 5)» the cavities form an array of vahre stations and an array 
of pressure sensing stations % 

On the back side 1 1 4 of the cassette 22 (see Figj: 4). the cavities form an array of channels or paths F^ for conveying 
. liquids. 

The valve stations V,^ communicate with the liquki paths Ff^ to interconnect them m a predetermined manner. The 
30 sensing stations S,^ also communk^te with the iiqukl paths to sense pressures \n selected regbns. 

The number and arrangement of the liquid paths F^, the valve statbris Vi^, and the sensing stations can vary 
In the illustrated embodiment, the cassette 22 provkles nineteen liquid paths F1 to Fid, ten valve stations VI to V10. 
and four sensing statkxis SI to S4. ' ^ 

The valve and sensing stations V1/V10 and S1/S4 resemble shallow wells open on the front cassette side 112 
^ (see Fig. 5). As Figs. 7 and 8 best show, upstanding edges 1 20 rise from the Interior wall 534 and peripherally surround 
the slalions V1/V10 and S1/S4. 

The valve stations V1/V10 are closed by the interior wall .534 on the back skJe 114 of the cassette 22. exceptthat 
each valve statkDn includes a pair of through holes or ports 1 22A and 1 22B in the Interior wail 534 (see Figs. 5 and 
8). The ports 122A/B each open into selectisd different ilqukJ paths F^ and F|^, (see Fig. 8) on the back side 114 of the 
. 40 cassette 22. One of the ports 122A is surrounded bya seating ring 124, while the other is not (see Fig. 8). 

The sensing stations 81 /S4 are likewise ck>sed by the interior wall 534 on the back side 1 1 4 of the cassette 22. 
except that each sensing statkxi includes three through holes or ports 126A/B/C in the interior wall 534 (see Fig. 
5). The ports 126A/B/C open into selected liquid paths Ff^ on the back side 114 of the cassette 24. These ports 126 
• A/B/C channel liquid flow among the selected liquki paths Ff^ through the associated sensing station. 
45 As Figs. 7 and 8 best show, the f lexftile diaphragm 1 1 6 overlying the front side 1 1 2 of the cassette 22 is sealed by 

ultrasonic wekling to the upstanding peripheral edges 120 of. the valve and sensing stations V1/V10 and S1/S4. This 
isolates the valve stattons Vl/VtO and sensing slatk)ns SiyS4 from each other and Ihe rest of the system. 

Altemativety. the flexible diaphragm 116 can be seated against the upstanding edges 1 20 by an external positive 
force applied by the centrifuge asserrt>iy 12 against the diaphragm 116 (as shown by the FVarrows in Fig. 8). The 
so positive force F 1 . like the ultrasonic weld, peripherally seals the valve and sensing stations VI /VI 0 and Sl/S 1 0. 

As shown in phantom lines In Fig. 8. the localized applicatk>n of additional positive force upon the intermediate 
region of the diaphragm 116 overlying a valve statbn V1/V10 (as shown by the F2-arrow in Fig. 7) senses to flex the 
diaphragm 116 into the valve station. The diaphragm 116 seats against the ring 124 (as shown by phantom lines in 
Fig. 8) to seal the associated valve port 1 22A. This closes the valve station to lk|uid f tow 

upon removal of the force F2. fluid pressure within the valve station andtor the plastic memory of the di^ragm 
116 itself unseats the diaphragm 116 from the valve ring 124. opening the valve statkm to liquid flow. 

Preferably, the diameter and depth of the valve stations are selected so that the fiexhg required to seat the dia- 
phragm 1 1 6 does not exceed the elastic limits of the diaphragm material. In this way the plastic memory of the plastk: 



5 



EP0852 953A2 



material alone is sufficient to unseat the diapliragm 116 in the absence of the force F2 ^ 

I will be described in greater deta^ 
force F2 to the diaphragm 1 1 6 for closing the valve ports 1 22A . ^ ,^ j 4U 

AS RQS. 7 and 8 best show, upstanding edges 128 rfee ttom the interior wall 534 and pet^heralV surround the 
channels F1/F19. which are open on the back side 114 ot the cassette 2a 
Te liquid path8F1/F19 are closed tv me interior wall 534 on ttiefrort side 112o» the cassei^^^ 

ports 122/VB ot the valve stations V1/V10 and the ports 126/VB^C ol the sensing staUons S.1/S4(see F^q- 6). 
•^TllerigidpanelllSoveriying the backsidelUof the cassette 22 is sealed t)yultrason« 
oeripheral edges 128. sealing the liquid paths F1/F19 from each other and the rest of the sys'emJO^ 
•^TSILt sh;w8.te;pre,TK>ldedtul>o connectors TltoTIOexte^ 

the c^te 22. The tul»conliector8 are arranged five on one side edge 130A(T1 to T5) and l«,e on ihe^^^^^^ 

edae 130B (T6 to T10). THe other sMe edges 132A« ol the cassette 22 are free of tube connectors. This ordered 
SiLtionofthetube«H,nectorsTim0aiongonVlwoskteedges130A«ottheca8sette22pw^^ 

compact unit for mounted on the centrifuge assembly 12 (as Fig. 3 shows). . „ ^.v, 

Z Fig 6 shows, along one side edge 130A. the first through fifth tube connectors T1 to T5 c«nmunKate wrth 
interior lirJidpathsFI toF5, respectively. Along the other side edge 130B, the sixth throu9J»t6nthtut»c«|nedw^^^ 
,;?rSunk«tewithinterk,rH<viWpathsF6toFl0.respectively 

liauklrialhs of the cassette 22. through which liqukJ enters or exits the cassette 22. ,■ 
^ ThCnairifllnterkxlk,uldpalh;F11toF19^ 

DathsF1loF10toeach6therthrooghthevalve8tatton8V1toV10andeensing6tatlon8S1/S4 
' ^o e par^cutl^^ vaVe statton V3 conUots lk,uk. flow between primary lk,uW P^**;; ^^^J; ""Jj^^^^^^^ 
valve s Jon V2 controls liquid flow between primary 1k,uW path F2 and branch path F19. >*'^ """^^^^'^^ 
liquW flow between primal liqukJ path F3 and branch path F15, Sensing statton ^1 Pn"«nM^«.^ P^*' ""^ 
branch paths F15 and F16. Sensing station S2 links primary flow path F5 with bmnch pa^to ^17 and MB. 

Simitorly. valvo station V10 controls liqukJ flow between primary liquid path FS and branch fluid path F14^ V&lve 
statST^S Sols liquid flow between primary liquid path F9 and branch path F19. V^lve f^'^J^^^^ 
fl,«,belweenprima.y liquid pathFIOand branch pathF1B.Sensingstation S3 im 

i»athsF11 and 1=12. Sensing station S4 links primary flow path F7withbranch paths F13 and F14. _ 
The b^h paths Fie; F12, F17, and F13communk«te with branch path F19 m^^^^ 

''^llraXlnt.branchpathFigso.esasacentralhub.orconv^^^^^^ 

F1 to F5 on one side 130A of the cassette 22 and the primary fluid paths F6 to F10 on the o»her SKle ISQBol he 
caslett02T:Se branch path8F16andFl7feed the central hubF19fromtheside130Ao^ 
hrBnehDathsF12andF13feedthecentralhubF19fromtheothersidel30Bolthecassette22. 

^tKtmtSa«l preferred en*odiment (see Figs. 6 and 9). an upstanding, general^ elliptK«l ridge 532 oc- 
cupies the m^i^^th'Jcen^ 

brLh palhs^municating with B. The ridge 532 also reduces the overall fluKl volume ol the hub F19 to facilitate 

'''"SrusTld and preferred embodiment, (see Figs. 6 and 9). an array of eternal ^'^ejB 

extend beT«Z upstendlng edges 128 that form the fluid paths. The internal stiffening elements 530 provjde «lernal 

SlSl^nrie.'Thlsrigidityresbtsbend^ 

SSte5«^dfluidpathstherSre.naines8enliallyconstant.andarenotsubpcttod 

SSg JLced mLtnrctureof spaced elements 530 stiffen the cassette body without adding slgnf«ant. 

weioht or sionificantlv increasing the arnounl of plastic material used. ^ , . ^ k..^»u« 

Tleusromeg^^^^^^^ 
caJre«^u!l^ribislU^te^^^ 

**rFig"Tshows. external tubing kx,p 134 connects tube connector T4 w«h tube '^'^'^l^^'^^ 
130^Uk2wfe«.extemaUubingloop136connectionstubeconnectorT7withtu^con^^^^^ 
130B in use. the tube toops 134 and 136 engage peristaltic pump rotors on the centrifuge, assembly 12 to comrey 

'n^'r/^^Srur^'S.rS!?^^^ extend from their respect.e side edges ,30A« in a 

slopJl SeJi ^ZSme front s«e 112 of the cassette 22. In the "'-•^'^'H^SrStirdT 

« mat the stoped tube connector T1/r2 and T9n-10 make with the plane of the front side 112 <?'J*»^^^ J® 

Jl«lTdJ7^.TheangledrelationshipofthetubeconnectorsT1/T2andT9/T10facilitat«^^ 

rX 10^ ^and 136 on the peristaltic pump rotors. Further details of these aspects ol the system 10 w.11 be 

'''X'?«SlSlngtubeconnectorsT3toT8onthecassette22arec^^^^ 
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18. 

(il) The Organizer Tray 

5 Figs. 10 to 12 show the organizer tray 26, in which the fluid circuit 18 is packaged before use. 

In the illustrated and preferred embodiment, the tray 26 is made of vacuum formed plastic material. A variety of 
materials can be used lor this purpose; for example, amorphous polyethylene terephthalate (APET), high impact pol- 
. ystyrene (HIPS), polyethylene terephthalate with a glycol modifier (PETG). recycled center layer coextrusions. or pa- 
perboard. 

10 The tray 26 includes four skSo panels 1 38 and a bottom panel 140 that together form an open Interior area 142. 
The fluid circuit 18 is packed in layers within the open interior area 142 (see Fig. 11). 

In the Illustrated and preferred embodiment, the side panels 1 38 include outwardly bowed recesses 1 44 to accom- 
modate the orderly arrangement of components in the tray 26. The side panels 138 also preferably include prefomfted 
brackets or pockets 146 to hold gravity-fed components, like the drip chambers 54 and 102, in a upright, gravity flow 

ffi position during use (see Fig. 12). 

The side panels 1 38 fuMher Include open regions 1 48 through which portbns of the fluid circuit 18 leading to and 
from the cassettes 22A/B/C pass when the tray is mounted on the centrifuge assembly 12 (see Fig. 12). The bottom 
panel 140 also preferably includes preformed upstanding brackets 158, which hokJ the umbilicus 24 in the tray 26 
before use. 

20 The bottom panel 1 40 includes cut-out regions 1 50 A/B/C (see Figs. 10 and 11 ). The cassettes 22 A/B^C fit within 
these regions 1 50 A/B/C when packed in the tray 2^ (see Fig. 12). 

Pairs of upstanding chambers 1 52 A/B/C are formed at opposite ends of the cut-out regtons 1 50 A/B/C. The tubing 
loops 134 and 136 attached to each cassette 22 A/B/C extend into the chambers 152 A/B/C, as Fig. 12 shows. As will 
be described In greater detail later, pump rotors on the 'centrifuge assembly 12 nest within the chambers 152 A/B/C 
and engage the tubing k>ops 134 and 1 36 during use (as Fig. 2 generally. shows). 

As Fig. 12 also shows, the tubing bops 1 34 and 1 36 riside the chambers 1 52 A/B/C extend below the top surface 
of the bottom panel 140. Other tubing lengths 154 attached to the cassettes 22 A/B/C pass over the. top surface of the 
bottom panel 140. The opposed wedging of the tubing loops 134/1 36 and the tubing lengths 154 above and below the 
bottom panel 140 suspend the cassettes 22 A/B/C within the regions 150 AJB/C. 
30 ' Upstanding hollow ridges 156 separate the cut-out regbns 1 50 A/B/C. The regcns 156 are recjassed at their top 
to accommodate passage of portions of the fluid circuit (as Fig. 12 shows). As will be described in greater detail later, 
' cassette gripping elements on the centrifuge assembly 12 nest within the holfow rklges 156 during use. 

Othe r regions 1 60 of the bottom panel 1 40 are cut away to fit over other operative elements carried by the centrifuge 
assembly 12 (see Fig. 1), like shut-off clamps 240 , hemolysis sensor 244A, and air detector 244B. 
35 An outer shrink wrap .162 (see Fig! 11) encloses the tray 26 and the fluid circuit 18 packaged within it. 

In the illustrated and preferred embodiment (as Fig. 11 shows), the fluid circuit 18 is packed within the tray 26 in 
three orderiad layers 1 64, 1 66, and 1 68. 

The fluki containers 20 occupy within the tray 26 a top layer -168. where they are presented for easy removal by 
the operator lor hanging on the centrifuge assembly 12 (using hanging loops 170 formed in each container 20). 
^ The centrifuge chamber 16. the umbilicus 24. and associated lengths of tubing occupy the next, or middle, layer 
166 within the tray 26, where they are presented for removal from the tray 26 and mounting on the centrifuge asisenrtbly 
1 2 after the fluid containers 20. 

The cassettes 22 A/B/C occupy the next, or bottommost layer 164 in the tray 26, where they present themselves 
for operative contact with the centrifuge assembly 12. 
4S As Fig. 11 also ^ows, hanging toops 170 in tv«) of the larger fluid holding containers 22 lit over prenrwlded pins 
1 72 on a tray side panel 1 38. A bradket 1 74 makes an interference snap fit over the pins 1 72 to secure the two.containers 
22 to the skle panel 138. The weight of the fluid homing containers secured to the bracket 174 hoMs the remainder of 
the fiuk) circuit 1 8 in place whhin the tray 26 before use. 

The tray 26 serves as an organized assertibly fbrture for the manufacturing plant. It also aids the user in organizing 
so and understanding the relatbnship of the components for the procedure that is to be run. It gives an organized, pur* 
posef ul appearance to what otherwise would appear to be a congkxneration of tubing and components. 

As will be described rn greater detail later, the layeririg of the fluid circuit 18 within the tray 26 simplifies set up of 
the processing assembly 14 on the centrifuge assembly 12 at time of use. The tray % reduces tubing kinks by allowing 
for controlled tubing paths, both before and after set up. 
ss During storage, the tray chambers 152 A/B/C sen^e to cover the tubing toops 134 and 136, at least partially shiekiing 
them from contact. During use; the tray chambers 152 A/B/C serve not only as covers for the tubing loops 1 34 ^d 
1 36. but for the peristaltic pump rotors themselves. This aspect of the tray 26 will also be described in greater detail latec 
It should be appreciated that the tray 26 can be used h association with other types of btood separation eiemonts. 
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and nol just the centrifugal processing element shown. For example^ the tray 26 can be used in associatbn with a 
conventional stationary membrane separation element, or with a rotating nnembrane element like that shown in Fischel 
U.S. Patent 5,034»135, or with other styles of centrifugal separation elements, like that shown in Schoendorler U.S. 
Patents 4.776.964 and 4,944,883. 

5 

The Drip Chambers 

• . ' .. ' ■ ■ . , 

In the illustrated and preferred embodiment (see Figs. 12 16 14), the drip chambers 54 and 102 associated with 
the processing assembly 14 are made In their entirety from a non-rigid or "soft*, transparent medical grade polyvinyl 
to chloride nnaterial. The soft plastic material allows the chambers 54 and 1 02 to be manually squeezed or "pumped" for 
air purging and priming (as Figs. 13 and 14 show). 

In the illustrated and preferred embodiment, the soft plastic chambers 54 and 102 are purposely sized small enough 
to be conveniently handled, yet large enough to provide effective air purging and priming by manual squeezing, even 
when the drip chambers 54 and 102 are spaced away from an associated solution containers 20 for rnanufacturing, 
fs packaging, and other reasons. 

> More particularly, in the Illustrated and preferred embodiment, the chambers 54 and 102 are sized small enough 
to be readily gripped In the user's hand (see Fig. 13) and collapsed by a single, vigorous squeeze for air purging and 
priming (see Fig. 14). 

At the same time, the interior volume of each chamber 54 and 102 is sufficiently large, relative to'the volume per 
' ^ unit length of the associated tubing, that the volume of the chamber exceeds the interior volume of tubing extending 
between it and the associated solution container 20. In other words, the chamber volume accommodates placement 
. of the chamber 54 and 102 a reasonable distance away from the associated container 20, without losing the manual 
- priming and air purging capability 

In the preferred err^odiment, the processing assembly 14 uses conventional tubing, typically having an internal 
2S diameter of about 0.3cm (0.126) Inch. In this embodiment, each chamber54 and 102 preferably measures about 6.dcm 
to 1 1 .4cm (2.5 to 4.5 inches) In overall height and about 2.5cm to 3.8cni (1 ,0 to 1 .5 inches) in diameter. This.provides 
chambers each sized for convenient handling (as Figs. 1 3 and 1 4 show), yet each havhg a relatively large total internal 
volume ot t>etween about 32.8 cmP (2.0 cubic inches) and about 11 4.7cm (7.0 cubic Inches). In the illustrated embod- 
iment, the interior volume Is about 32.8cm3 (2.0 cubic inches), and the chambers 54 and 102 are located about 45.7cm 
30 (18 Inches) away frorn their respective solution containers 20. 

During manulacluring, the solution containers 20 can be steam sterilized, while the drip chambers 54 and 102 can 
be sepamtely gamma or EtO sterilized. The containers 20 and chambers 54 and 102 can be packaged away from . 
each other in separate layers within the tray 26, as described above. 

During use, despite separation, a single vigorous squeeze purges air from the chambers 54 and 102 and tubing 
3S and into the associated solution container 20. thereby primirig the chambers 54 and 102 tor use. 

After priming, the chambers 54 and 102 are conveniently supported within the tray brackets 1 46 in cjear, unimpeded 
view of the user, with the solution containers 20 suspended above them (as Fig. 3 shows). 

in the illustrated and preferred embodiment, the chambers 54 arKi 102 each includes a main body 500 having an 
top 502 and a bottom 504. the chambers 54 and 102 also each includes a cap 506 that provkfes an enhanced fiekJ 
40 of view of the droplets entering the chambers 54 and 102. 

More partk;ularly. the cap 506 has a base 508 and a skto wall 510 that converges inward from the base 508 to 
intersect as a vertex 512 above the main body 500 of each chamber 54 and 102. An inlet port 514 extends from the 
vertex 51 2. An outlet port 516 extends from the bottom 504 of the main body 500. 

In the illustrated and preferred embodiment (see Fig. 1 3). the skie wall 5 1 0 is symmetrto with respect to the center 
4S of the vertex 512, from whteh the inlet port 514 extends. The cap 506 thereby takes the stnicturat shape of an inverted 
cone. . 

When held in a vertk:al, gravity feed position for use (as Fig. 12 shows), the tapered skie walls of the cap 506 
provide an enlarged field of vision for viewing liquid droplets entering the cap 506 from outside the cap 506. The cap 
506 aik>ws the user to see lk)uid droplets dripping into the chambers 54/102 from a normal standing height above the 
so drip chambers 54/1 02, without having to stoop down, and from a greater distance than conventional drip chambers. 

As Fig. IS shows, the cylindrical wall of a conventional drip chamber 518 (shown in phantom lines in Fig. 15) 
provkle a relatively narrow field of vision 520 that lies generally within a rectangle that extends slightly above and below 
the piano of the droplet 522. When the conventional drip chamber 51 8 is suspended the usual distance of about 4 feet 
above the ground during use. an average person (5 to 6 feet tail) is must stoop down to see the droplet 522 within the 
SS field of viskxn 520. Even then, using a conventional cylindrical drip chamber 518. the droplet 522 can be usually viewed 
within the field of vision 520 from a distance about only about 0.9m to 1 2m (3 to 4 feet) away 

As Fig. 1 5 also shows, the angled side wall 51 0 of the cap 506 signiffcantly expands the fieM of vision. The expanded 
field of viskin 524 ties within an area bounded by a right triangle whose base 526 extends generally horizontally In the 
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plane of the dropiet 522, and whose hypotenuse 528 extends upward from the base at an Angle C. where Angle C = 
90^ - A, where Angle A reprrasents the degree of taper of the side wall 510. In the illustrated and preferred embodiment, 
the Angle A is from about 20° to about 40^.. The enhanced field o1 vision 524 that the cap S06. provides significantly 
extends the horizontal distance at which the droplet 522 can be viewed (as Fig. 15 indicates). The enhanced field of 

5 vision 524 also adds significant vertical height above the plane of the droplet 522 from which the droplet 522 can be 
, viewed (as Fig. 15 also Indicates). 

Using the drip chamber 54/102 of the preferred dtrnensions described above, with the cap 506 made from con- 
ventional soft, transparent medical grade plastic, with a taper Angle A of about 30* and a perpendicular height between 
the base 508 and the vertex 51 2 of about 2. Icrn (0.81 inch), the droplet 522 can be viewed from a distance of at least 

to 3m (10 feet) away under nonmal lighting conditions. The cap 506 also provides an added viewing height above the 
droplet of about 0.6m (2 feet). Thus, with the drip chamber 54/1 02 suspended 1 .2m (4 feet) above the ground, the 
average person 1.5m to 1.8nfi (5 to 6 feet) tail can, under normal lighting conditions, view the droplet from a normal 
standing position from a distance of at least 3m (10 feet) away 

ts lM Th0 Umbllteue • 

Figs. 16 and 17 best show the details of the construction of the umbilicus 24. 

The umbilicus 24 consolidates the multiple fluid paths leading to and from the blood separation chamber. It provides 
a continuous, sterile environment for fluids to pass. In constructioh. the umbilicus 24 is flexible enough to function in 
20 the relatively small, compact operating space the centrifuge assembly 12 provides. Still, the umbilicus 24 is durable 
enough to withstand the significant flexing and torsional stresses imposed by the small, compact spinning environment, 
where rotation rates up to about 4000 revolutions per minute (RPM) can be ertcountered. 

In the illustrated and preferred embodiment (see Fig. 16). the urnbilicus 24 includes a coextruded main body 200 
containing five lumens 202. It should be appreciated that the main body 200 could have more or fewer coextruded 
2^ lunrtens 202, depending upon the needs of the particular separation process. 

In the illustrated and preferred embodiment, the main body 200 is made from HYTREL* 4056 Plastic Material 
(DuPont). Before extrusion, the material is preferably dried by heat, so that its moisture content is less than about 
0.03%. This rnalerial withstands high speed flexing over an extended temperature range of between 0** centigrade to 
41® centigrade, and higher. 

30 In the illustrated and preferred embodiment (see Fig. 18). the profile design of the extrusion maximizes the cross . 

sectional areas of the lumens 202 while minimizing the outer diameter of the main body 200. 

As Fig. 18 shbws, the design creates a cylindrical main body 200 having a cylindrical inner core 201 about which 

the lumens 202 extend in a circumferentially spaced array: The lumens 202 are elliptical in shape. The elliptical shape 

of the lumens 202 shown in Fig. 18 maximizes the cross sectional area of the lumens 202 for a desired fbw rate 
OS capability The elliptical shape of the lumens 202 provides this benefit without enlarging the outer diameter of the main 

body 200, and thereby increasing its centrifugal mass, as an array of circular lumens of comparable cross sectional 

area would. 

In the iiiustrated and preferred embodiment, the main body 200 has an outer diameter of about 0.8cm (0.333 inch). 
The elliptical lumens 202 are circumferentially spaced along the periphery of the nialn body by an arc (designated ARC 
<o in Fig. 18) about 72*. Each lumen 202 measures about .108 inch along its rhajor axis (designated in Fig. 18) 
and about 1 .6cm (0.65 inch) along its minor axis (designated A,^, in Fig. 1 6). 

The inner core 201 of the main body 200 forms a circle having a diameter (designated Cq in Fig. IB) of about 
0.4cm (0.155 inch). This provides a wall thickness (designated T in Fig. 18) between lumens of about 0.1cm (0.055 
inch). It is believed that, below 0.05cm (0.020 Inch), the integrity of the coextrusion becomes problematic and becomes 
45 subject to twisting and failure. 

Th6 space between the outer edge of each lumen 202 and the outer surface of the main body 200 (designated U 
in Fig, 1 8) is about 0.6cm (0.23 inch), it is believed that, below 0.4cm (0.1 5 inch), the integrity of the coextrusion again 
becomes problematic and subject to failure when twisted. 

The minimized outer diameter of the profile reduces the certtrifugal forces generated when the umbilicus 24 is 
so spun to reduce the overall stresses encountered. The ell9)tiqal configuration of the lumens 202 maximizes fluid flow . 
capacity The circumferential placement of the luiinens 202 within the main body 200 maximizes the physical strength 
and stress resistance of the overati umbilicu& structure. As Fig. 16 best shows, an upper support block 204 and a tower 
support bkx:k 206 are secured, respectively, to opposite ends of the umbilicus body 200. 

Each support bkx;k 204 and 206 is preferably made of a HytreP 81 22 Plastic Material (DuPont) The bkxiks 204 
ss and 206 injection cyer-molded around the main umbilicus body 200 and include f ornrted lumens 208 which communicate 
with the lumens 202 of the umbilicus body 200. The heal of the injectbn over-moMing process physk^illy bonds the 
two HytreNd Plastic materials together. The support bk)cks thereby prove a secure, leak proof, integral ftuM connectton 
for each fluid path through the umbilicus 24. ' . 
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The Hytrel® 8122 Plastic Material of the blocks 204 and 206 has a lesser modulus and Is therefore softer and more 
flexible than the Hylref^4656 Material of the main body 200. the Hytrel^ Plastic also can be solvent bonded to medical 
grade polyvinyl chloride tubing. The tubing of the fluid circuit 18 can thereby be secured by solvent bonding within the 
lumens 208 of the support blocks 204 and 206. 
5 Each support block 204 ar)d 206 preferably includes an ir\tegral. molded flange 21 0. Each flange 21 0 has is own 

predetermined shape, wt)ich can be the same of different for the two flanges. In the Illustrated embodiment, each flange 
210 is generally D-shaped. 

The upper support bk)ck further Includes a tapered sleeve 21 2. In use, the sleeve 212 acts as a strain relief element 
for the umbilicus 24. The bwer support block 206 is free if a strain relief element. As will be shown Jater» the sole strain 
10 . relief sleeve. 21 2 distributes stresses so that k)calized stresses are rf)inimized. 

In the illustrated and preferred embodiment, a solvent (such as methylene chloride or methyl ethyl ketone) is also 
applieid to the opposite ends of the Hytrel® 4056 Plastic Material of the umbilicus body 200 befoire the Hytref^ 8122 
. Plastb Material is over-moMed to form the support bk)cks 204 and 206 and associated flanges 210 and strain relief 
sleeve 21 2. It has been obsen^ed that the application of solvent before over-molding increases the surface energy of 
IS the connectbn site, significantly increasing the strength of the connection between the block members 204 and 206 
and the umbilicus body 200. 

Instead of using a sotvent, other methodotogies can tye used to strengthen the connection between the bk>ck 
members 204 and 206 (and associated flanges 210 and sleeve 212) and the umbilicus body 200. For ejcample, the 
connection can be strengthened by etching the exterior of the main body 200 to increase the surface energy of the 
20 connection site. The' etching can be accornpllshed by corona discharge or plasma discharge treatment. . 

Without increasing the surface energy of the connection site before over-molding, the block members 204/206 
and associated flanges 210/sleeye 21 2 are observed to de*laminate and peel away from the umbilicus body 200 when 
exposed to the stresses miposed during centrlfugation. Premature failure of the overafl umbilicus structure results. 

A thrust bearing member 214 is secured about the coextruded main body 200 at a predetermined distance from 
25 the lower support block 206. 

The thrust bearing member 214 (see Fig. 17. also) comprises an outer annular body 216 and an inner annular 
body 2li9; Ball bearings 220 suppoit the inner body 218 for rotation within the outer body 216. The ihrter body Includes 
a center hub 222 through whteh the umbilicus main body 2P0.passe8 to mount the thrust bearing member 21 4 on the 
umbilicus main body 200. 

30 The hub 222 includes a rear collar 224 that projects outward beyond the inner/outer body assemblage. A clip 226 

fastens the collar 224 to the umbilicus body 200, thereby securing the thrust bearing member 214 to the umbilicus 
body 200: The collar 224 isolates the umbilicus body 200 from direct surface contact with the clip 226. The snug 
securing force can be applied by the clip 226 (via the collar 224) without significantly occluding or flattening the interior 
lumens 202 in the umbilicus body 200. 

^ . Alternatively, instead of an integral collar 224. a stop (not shown) can be attached by potting or over-inolding about 
the umbilicus body 200 using a polyurethane compound. The stop can also be physk:ally secured at a desired k)catk>i> 
on the umbilicus body.200. In this arrangement, the thrust bearing 214 itself is not attached at a fixed location on the 
txody 200, but slides akxig the umbilicus body 200 and abuts against the stop during use. 

The thrust bearing member 214 can bemade from various materials. In the illustrated and preferred embodiment, 

40 the inner and outer bodies 216 and 218 are made from potyamide material like nylon-6,6. Other materials like poly- 
tetrafluoroethylene (PTFE}or acetal can also be used. The ball bearings 220 are made from hardened stainless steel. 

M Processing Assemblfea for Ptatetet ColleiPtlon 

4S The processing assembly 14 as just described can be configured to accomplish diverse types of processing tech- 
niques. Figs. 1 9 and 20 show representative disposable systems for accomplishing continuous platelet collectbn. Fig. 
19 shows a single needle platelet. collection system 28 (Figs 2; 3;. and 11 also show the single needle system 28 in 
association with the tray 26 and centrifuge assembly 12). Fig. 20 shows a two needle platelet collection system 30. 
Each system 28 and 30 Includes the processing chamber 16 and containers 20 interconnected by the fluW circuit 

so IB carried by the organizer tray 26. The fluid circuit 1 8 for each system 28 and 30 includes the three centralized pumping 
and valving cassettes. Uentif led as 22A; 22B; and 22C. The umbilcus 24 links the rotating arid non-rotating connponenis 
in each system 28 and 30. 

Other elements commort to both systems 28 and 30 are also assigned the same reference number in the descrip- 
tions that follow. 

ss 

(A) The Processing Chamber 

The processing chamber 16 cart be variously constnicted. For example, it can be constructed like the double bag 
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processing chambers showh in Cullis et al. U.S. Patent 4.146,172. 

In the illustrated and preferred embodiment, the processing chamber 16 In each system 28 and 30 is formed as . 
an etongated flexible tube made of a flexible, biocompatible plastic material such as plasllcized medical grade polyvinyl 
Chloride. The chamber 16 includes a first stage compartment 34 and a second stage compartment 38. 
5 The first stage compartment 34 receives whole blood (WB). Wheri subjected to centrifugal forces, the first stage 

compartmenl 34 separates the WB into red blood cells (RBC) and platelet rich plasma (PRP). 

The second stage compartmenl 36 receives PRP from th^first stage compartment 32. When subjected to centrif- 
ugal forces, the second stage compartment 36 separates the PRP into concentrated platelets (PC) and platelet-poor 
plasma (PPP). 

w Specific details of the conlruction of the processing chamber 16 can be found in EP-A-618,832. 

In Figs. 1 9 and 20. the fluid circuit 1 8 includes five tubing branches 38/40/42/44/46 that communicate directly with 
the processing chamber 1 6. Three tubing branches 38/40/42 serve the first stage compartment 34. Two tubing branches 
44/46 sen^e the second stage compartment 36. 

The tubing branch 40 carries WB into the first stage compartment 34 for processing. The tubing branch 38 carries 
}5 separated PRP from the first stage compartment 34. The tubing branch third port 42 carries separated RBC from the 
first stage compartment 34. 

The tubing branch 46 carries PRP separated in the first compartment 34 into the second compartment 36 for further 
processing. The tubing branch 44 carries separated PPP from the second stage compartment 36. The separated PC 
remains in the second stage conr^artment 36 tor later resuspension and collection, as will be explained later. 

20 

IB) The Single Needle Fluid Circuil 

In the illustrated and preferred configuration shown in Fig. 1 9. the cassettes 22A/B/C sen^e to segregate the flow 
paths of various categories of fluids and blood components from each other during processing. 
2S The cassette 22A principally handles the flow of fluids containing red blood cells, either as WB or as RBC. The 
. cassette 22B principally handles the flow of cellular-free fluids, either as PPP or anticoagulant. The cassette 22C 
principally handles the flow of fluids containing platelets, either as PRP or PC. 

More particularly, the fluid circuil 18 for the single needle. system 28 (see fig. 19) includes a tubing branch 32 that 
carries a phlebotomy needle 48 for drawing WB from a donor. A tubing branch 33 joins the tubing branch 32 and leads 
30 to the cassette 22A. A tubing branch 100 carries an anticoagulant solutfon from a container 98 into the tubing branch 
cassette 22B (via a drip chamber 1 02). The anticoagulant flows from cassette 22B through tubing t)ranch 92 for addition 
to the WB before processing. A tubing branch 56 leads frbrn the cassette 22A to convey anti-coagulated WB to a 
resen^oir container 58. 

/Another tubing branch 60 leads from the cassette 22A to convey antl-coagulated WB Into the umbilicus 24 via a 
35 • drip chamber 64 and tubing branch 62. The umbilicus 24 joins tubing branch 40. which carries the anti-coagulated WB 
Into the first stage chamber 34 for separation into RBC and PRP 

The tubing branch 42 carries the separated RBC from the first stage chamber 34 through the umbilicus 24. The 
umbilicus 24 joins the tubing branches 64. 66. and 68. Which lead to a reservoir container 70 for RBC. 

A tubing branch 72 joins tubing branch 68 to carry RBC from the reservoir container 70 to the cassette 22A. The 
40 , tubing branch 74 leads from the cassene 22A to carry RBC to the tubing branch 32. which leads to the phlebotomy 
needle 48. 

The cassette 22A thereby directs the flow of anti-coagulated WB from the donor inio the first stage compartment 
34. The cassette 22A also directs the flow of separated RBC from the first stage compartment 34 back to the donor. 
These flows are sequenced to proceed in two cycles. One cycle draws WB from the donor, while the other returns 
^ RBC to the donor. 

In the draw cycle, the single needle system 28 collects through the cassette 22A a predetermined volume of anti> 
coagulated WB in the resen/oir container 58 (through tubing branches 32/33/56). whHe conveying the rest of the anti- 
coagutaled WB coritlnuously to the first stage compartment 34 for separation (through tubing branches 32/33/60/62/40). 
During the draw cycle, the system 28 also continuously collects the separated RBC In the reser/o\r container 70 
so (through tubing branches 42/64/66/68). 

In the return cycle, the system 28 continuously conveys through the cassette 22A anti-coagulated WB from the 
reservoir container 58 into the first stage compartmenl 34 for separation (through lubingbranches 56/60/62/40). At the 
same time, the system 28 returns through the cassette 22A the RBC collected in the resenroir contairier 70 to the donor 
(through tubing branches 68/72/74/32) as well as those RBC being then separated in the first stage compartment 34 
ss (via tubing branches 64 and 66, joining tubing branch 68). . 

This two cycle sequence through the cassette 22A assures that anti-coagutated WB is continuously conveyed to 
the first stage compartment for separation, either from the donor (during the draw cycle) or from the WB resen^oir 
container 58 (during the return cycle). . 



EP 0852 953 A2 



The tubing branch 86 carries separaled PRP from the first stage c<xnpartmeril 34 through the umbilicus 24 to the 
cassette 22C. 

A portion of the PRP is convoyed from the cassette 22C through tubing branch 80, Tubing branch 80 leads to the 
umbilicus 24; which joins tubing branch 46. which takes the PRP into the second stage compartment 38 tor further 
5 separatim into PPP and PC. 

In the illustrated and preferred embodiment, the tubing branch 80 carries an in line filter 82. The filter 82 removes 
leukocytes from the PRP before it enters the second stage compartment 36 for separalbn. 

Another portion of the PRP Is conveyed from the cassette 22C through tubing branch 84 to the drip chamber 64. 
where it mixes with the anti-coagulated WB being conveyed into the first stage compartment 34. This reclrculatlcn of 
10 PRP improves the yield of platelets. 

Further details of the in line filtrattoh and recirculation of PRP are disclosed in US-A-S. 549,834. 

The tubirig branch 44 carries PPP from the second stage compartment 36 through the umbilicus 24 and to tubing 
branch 76, whfch leads to the cassette 22B. Tubing branch 88 carries the PPP from the cassette 22B to a resen/oir 
container 90. 

IS . During processing, a portion of the PPP collected in the reservoir container 90 is returned to the donor with the 
RBC during the retum cycle. This portion of PRP Is conveyed from the reservoir container 90 through tubing branch 
*>. 66 via the cassette 22B to tubirig branch 72. which joins the tubing branch 33 via cassette 22A. At the sarue time, PPP 
then being separated in the second stage compartment 36 is returned to the donor through tubing branches 85 and 
76 to the tubing branch 66 via the cassette 22B. 

20 Another portion of the PPP collected in the resenwir container. 90 is used to. resuspend PC in the second stage 
compartrnent 36 after separation ends. This portion of PPP is conveyed from the reservoir container 90 through tubing 
branch 88 via the cassette 22B. back through tubing branch 76, the umbilicus 24, and tubing branch 44 into the second 
stage compartment 36. There, the PPP resuspends PC accumulated in the compartment 36. The tubing branch 46 
conveys resuspended PC from the compartment 36, through the umbilicus 24 to tubing branch 86, which joins the 

25 cassette 22C: Tubing branch 94 conveys resuspended PC from the cassette 22C to collection containers 96. 

Other portions of the PPP collected in the resen^oir container 90 can also be used for additional processing pur- 
poses. For example, the PPP (whk:h carries most of the antkx}agulant added during processing) can sen/e as an anti- 
coagulated •keep open' fluid, to keep the phlebotomy needle 48 open during lulls in processing, The PPP can also be 
used as a 'final flush" fluid, to purge the tubing branches after processing. 

30. The PPP remaining in the reservoir container 90 after processing can be stored for therapeutk: purposes. 

Further details of the collectbn and use of PPP as a processing aid are disclosed in EP-A-666,771 and US-A- 
5,427.695/ 

Container 50 hoMs a saline primbg solution, which is used to purge air from the system 28 before processing. 
Tubing branch 52 carries the saline.from the container 50 (via the drip chamber 54) to cassette 22A. The saline is 
ss conveyed from the cassette 22A into the processing chamber 16 via tubing branches 60 and 62,:and froriri there to the 
rest of the system 28 along the tubing branches already described, 

(C) The Double Needle Fluid Clrcuft 

40- In the illustrated and preferred configuration shown in Fig. 20, Ihe cas8ettes,22A/B/C also serve to segregate the 
flow paths of various categories of fluids and blood components from each other during processing. 

As in the Fig. 19 embodiment, the cassette 22A principally handles the flow of fluids containing red btood cells, 
either as WB or as RBC. The cassette 22B principally handles the flow of cellular-free fluids, either as PPP or antico- 
agulant. The cassette 22C principally handles the flow of flukls containing platelets, either as PRP or PC: 

« MoTB particularly. Ihe fluid circuit 18 for the single needle system 30 (see Fig. 20) includes a tubing branch 59 that 
carries a phlebolonrry needle 49 for drawing WB from a donor. Tubing branches 100 carries an anticoagulant solutk)n 
from a container 98 into the tubing branch 92 (via a drip chamber 102 and cassette 228) for addition to the WB before 
processing. 

The WB is drawn through needle 49 from the donor and conveyed to the cassette 22A through tubing 59 and 74. 
so Another tubing branch 60 leads from the cassette 22A to convey antl^gulated WB into the umbilicus 24 via a drip 
chamber 64 and.tubing branch 62. The umbiltous 24 joins tubing branch 40, whk:h carries the anti-coagulated WB Into 
Ihe first stage chamber 34 for separatton into RBC and f>RR 

The tubing branch 42 carries the separated RBC from the first stage chamber 34 Ihrough.lhe umbilicus 24. The 
umbilicus 24 joins the tubing branches 64 and 66 to cany RBC to the cassette 22A. The tubing branch 32 toads from 
ss the cassette 22A to carry RBC to a second phlebotomy needle 48. 

In Fig. 20, the cassette 22A thereby directs the flow of anti-coagulated WB from the donor from the first needle 49 
Into the first stage compartment 34. The cassette 22A also directs the flow of separated RBC from the first stage 
compartment 34 back to the donor through the second needle 48. Unlike the sequenced draw and retum cycles in the 
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single needle system 28, the incoming and outgoing flows through the two needle 49 and 48 occur stmutlaneously in 
the system 30. As in the single needle system 28, anti-coagulated WB is continuously conveyed to the first stage 
compartment for separation in the double needle system 30. 

In the double needle system 30; the tubing branch 86 carries separated PRP from the first stage compartment 34 
5 through the umbilicus i24 to the cassette 22C. 

A portion of the PRP is likewise conveyed from the cassette 22C through tubing branch 80. Tubing branch 80 
' leads to the umbilicus 24, which joins tubing branch 46, which takes the PRP Into the second stage compartment 36 
for further separation into PPP and PC. 

In the illustrated and preferred embodiment, the tubing branch 80 also carries an in fine filter 82. The filler 82 
10 removes leukocytes from the PRP before it enters the second stage compartment 36 for separation. 

Another portion of the PRP is conveyed from the cassette 22C through tubing branch 84 to the cfrip chamber 64, 
where It mixes with the anti-coagulated WB being conveyed into the first stage compartment 34. 

The tubing branch 44 carries PPP from the second stage compartment 36 through the umbilicus 24 and to tubing 
branch 76, which leads to the cassette 228. Tubing branch 88 carries the PPP from the cassette 228 to a resen/olr 
ris container 90. 

As in the single needle system 28. a portkxi of the PPP collected in the reservoir container 90 in the double needle 
system 30 is relumed to the donor with the RBC during the return cycle. This portion of PPP is conveyed f rorn the 
reservoir container 90 through tubing branch 88 via the cassette 228 to tubing branch 66, which leads to tubing branch 
32 and the second needle 48 via cassette 22A. 
so As in the single needle system 28. another portion of the PPP collected in the reservoir container 90 Is used In the 
double needle system 30 to resuspend PC in the second stage compartment 36 after separatbn ends, in the same . 
manner already described. As already described, tubing branch 94 conveys resuspended PC from the cassette 22C 
to collection containers 96. 

. As in the single needle system 28, the PPP in the resenrair container 90 can serve as an anti-coaguiated 'keep 
25 open' fluid or as a 'final flush' fluid. The PPP remairiing in the reservoir.container 90 after processing can be stored 
for therapeutic purposes. 

As in the single needle system 28, container 50 hokJs a saline priming solution, which is used to purge air from 
the system 28 before processing. In the two needle system 30, tubing branch 53 leads from the container 50 through 
drip chambers 54 and 57 into cassette 22A. and from, there Into the first stage compartment 34 for distribution throughout 
30 the rest of the system 30. 

The system 30 includes a waste bag 106 connected to cassette 22A via tubing branch 104 to collect air during 
priming. The waste bag 106 is also used to purge air from the system 30 dui:ing use. In the single needle system 28, 
. containers 58 and 70 serve to collect air during priming and processing. 

The bag 106 (in system 30) and bags 58/70 (in system 28) also serve as buffers to collect excess fluid pressure 
35 from the processing chamber 16. 

IL THE CENTRIFUGE ASSEMBLY 

The centrifuge assembly 1 2 (see Figs. 1 and 21 ) cari^ies the operating elements essential for a diverse number of 
40 , blood processing procedures under the direction of an onboard controller. 

As Figs. 1 and 21 show, the centrifuge assembly 12 is housed with a wheeled cabinet 228. whch the user can 
easily move from place to place. It should be appreciated that, due to its compact form, the centrifuge assembly 12 . 
also could be made and operated as a tabletop unit. 

The centrifuge assembly 12 includes a centrifuge 230 (see Figs. 21 and 22) mounted for rotation inside a com- 
45 partment 232 of the cabinet 228. The compartment 232 has a fold-open door 234. The user folds the door 234 open 
(see Fig. 22) to gain access to the centrifuge 230 to load and unload the processing chamber 16 of the fluid circuit 18. 
As Fig. 21 shows, the user folds the door 234 ck>se to enctose the centrifuge 230 inside the compartment 22St for use 
(as Fig. 1 also shows). 

The centrifuge assembly 12 also Includes three cassette control 8tatk>ns 236 A^C (see Fig. 23). one lor each 
so cassette 22 A/B/C. The cassette control stations 236 A/B/C are kx^ated skJe by side on a sbped outside panel 238 of 
the cabinet 228. The outside panel 238 also carries the shut-<^ clamps 240» hentolysis sensor 244 A, and air detector 
244B associated with the centrifuge assembly 1 2 (see Fig. 23). 

The centrifuge assembly 1 2 includes a processing controller 246. The controller 246 governs the operation of the 
centrifuge assembly 1 2. The processing controller 246 preferably Includes an integrated input/output terminal 248 (also 
55 seen on Fig. 1 ), which receives and display infomnation relating to the processing procedure. 

The following description provides further details of these and other components of the centrifuge assembly 12. 
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. (I) The Cassette Control Stations 

In use, each control station 236A/B/C rrolds one cassettes 22A/B/C (see Fig. 25). The control station are all con- 
structed alike, so the details of only one station 236A will be provided, fn use, the station holds the cassette 22A. 
5 The control station 236A (see Figs. 24 and 25) includes a cassette holder 250. The holder 250 receives and grips 
the cassette 22A along two opposed sides 1 32A and B in thd desired operating position on the control station 236A. 

The holder 250 urges the diaphragm 116 on the front cassette side 112 into intimate contact with a valve module 
252 on the control station 236 A. The valve module 252 acts in concert with the valve stations VI A^IO and sensing 
stations S1/S2/S3/S4 rn the cassette 22A. 
10 The control station also includes a peristaltic pump module 254. VVhen the cassette 22A is gripped by the holder 
250, the tubing loops 1 34 and 1 36 make operative engagement with the pump module 254. 

The controller 246 governs the operation of holder 250 on each control station 236A/B/C to grip the cassettes 22A/ 
B/C upon receiipt of a preselected command signal. The controller 246 then proceeds to govern the operation of the 
valve module 252 and pump module 254 on each control station 236AS/C to convey liquids through the cassettes 
IS 22A/B/Ctoachievetheprocessing6b]ectivesof the system 10. 

(A) The Cassette Holders 

Figs. 26 and 27 show the details of construction of the cassette holder 250. 
^ Each holder 250 Includes a pair of diametricalty spiaced gripping elements 256 (which Figs. 24 and 25 also show). 
The elements 256 are housed within covers 258 on the sk>ped front panel 238 of the bcA>lnet 228L 

Each gripping element 256 is carried on a shaft 260 for rocking movement, l^e element 256 rocks between a 
foHA/ard position, gripping the associated cassette 22A (see Fig. 27), and a rearward position, releasing the associated 
cassette 22A (see Fig. 26). 

A biasing tab 262 projects from the rear of each gripping element 256. A spring loaded pin 264 pushes against 
the tab 262, urging the element 256 forward into its gripping position. 

The front of dach gripping element 256 projects beyond the cover 258. the front includes a sloped cam face 266 
that leads toa recessed detente 268. When the cassette 22A is fowered upon the station 236 A (see Fig. 26), the side 
edges 1 32A/B of the'cassette 22A contact the stoped cam face 266. Pressing against the back panel 118 of the cassette 
30 22A slides the side edges 1 32A/B down the cam face 266. The sliding contact rocks the gripping elements 256 rearward 
against the biasing force of the spring loaded pin 264. 

The gripping elements 256 open to receive the descending cassette 22A, until the cassette skje edges 132A/B 
reach the recessed detente 268 (see Fig. 27). This relieves the rearward rocking force against the cam surface 266: 
. The biasing force of the spring' k>aded pins 264 rock the gripping elements 256 fonA«rd, capturing the cassette side 
3S edges. 1 32A/B within the recessed deterites 266. The biasing force of the spring k>aded pins 264 releasably clamp the 
gripping elements 256 against the cassette side edges 132A/B. 

The biasing force of the spring loaded pins 264 can be overcome by lifting upward upon the cassette 22A. The 
upward lifting moves the cassette side edges 132A/B against the detentes 266, rocking the gripping elements 256 
rearward to open and release the cassette 22A (as Fig. 26 shows). . 
40 In the illustrated and preferred embodirnent, each holder 250 includes a mechanism 270 (see Figs. 28 to 30) that 
selectrvety prevents the removal of the cassette 22A. the mechanism 270 k)cks the gripping elements 256 into their 
fonivard ciamp positk>n. 

The locking mechanism 270 can vary in constmction. In the illustrated embodiment (as Figs. 28 to 30 show),, the 
mechanism 270 includes a locking tab 272 that projects from the rear of each gripping element 256. The mechanism 
4S 270 further includes a locking screw 274 associated with each bcking tab 272. An electric motor 278 rotates the screw 
274 within a stationary fenule 276, causing the screw 274 to move upward and downward. 

Upward movement brings the screw 274 into contact against the kxking tab 272 (see Figs. 28 to 30). This contact 
prevents rearward movement of the gripping element 256, locking the element 256 its forward, gripping position. 

In this position, the screw 274 prevents removal of the cassette 22A frpm the grip of the element 256. providing 
so the positive force F1 (see Fig. 8) that seats the cassette diaphragm 116 against the upstandffig edges 1 20. 

Operation of the motor 278 to move the screw 274 downward frees contact with the kx:king tab 272 (see Fig. 27). 
The gripping element 256 is now tree to rock forward and reanward in response to cassette movement, in the manner 
already described. 

In the illustrated and preferred embodiment (see Figs. 31 to 34). the locking mechanism 270 can be manually 
ss disabled. The k)cking tab 272 is carried on a shaft 280 that terminates in a turn key 282 accessible on front cam surface 
266 (best seen in Fig. 30). A conventional screw driver blade 284 mates with the turri key 282. 

Rotation of the turn key 282 by the blade 284 rotates the locking tab 272 out of the uppermost reach of the kx:ktng 
screw 274 (see Figs. 32 and 33). When the kx;king screw 274 is in its uppermost position, the rotation breaks contact 
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between the locking tab 272 and screw 274. This frees the gripping element 256 to rocit rearward to release the cassette 
22A (see Fig. 34). 

Therefore, should a power or mechanical lailure prevent actuation of tha rriotor 27B, the cassette 22A can be 
manually released from the elements 256 without towering the lockng screw 274. 

5 ■ / • • 

. (B^ The Caaeette Valve Module 

Referring bacit to. Rg. 24, the valve rrxxtule 252 on each control station 236A/B/C contains an array of valve 
assemblies 286 located between the gripping elements 256. The force F1 that the gripping elements 256 exert (see 
10 Fig. 8), hold the diaphragm 11 6 of the cassette 22A in intimate contact against the valve assemblies 286. 

in the illustrated and preferred embodiment (as Fig. 24 shows), a thin elastomeric membrane 288 is stretched 
across the valve assembly 266, serving as a splash guard. The splash guard membrane 288 keeps liquids and dust 
out of the valve assembly 266. The splash guard membrane 288 can be periodteally wiped clean when cassettes are 
exchanged. 

IS The valve assembly 286 includes ten valve actuating pistons PA1 to PA1 0 and four pressure sensing transducers 
PS1 to PS4. The valve actuators PA1 to PA1 0 and the pressure.sensing transducers PS1 to PS4 are mutually arranged . 
to form a mirror image of the valve statlbns VI to V10 and sensing stations SI to S4on the front side 112 of the cassette 
22A. ' . 

When the cassette 22A is gripped by the elements 256, the valve actuators PA1 to PAID align with the cassette 
so , valve stations VI to VI 0. At the same time, the pressure sensing transducers PS1 to PS4 mutually align with the. 
cassette sensing stations SI to S4. 

Each valve actuator PA1 to PA10 comprises an electrically actuated solenoid piston 290. Each piston 290 Is inde- 
pendently rnovable between an extended position and a retracted position. 

When in its extended position, the piston 290 presses against the region of the diaphragm 116 that overlies the 
2S associated valve station V1/V10 (exerting the force F2 shown in Fig. 6). In this position, the piston 290 flexes the 
diaphragm 116 into the assoc'ated valve station to seat the diaphragm 116 against the ring 124, and thereby seal the 
associated valve port 122A. This closes the valve station to liquid flow 

When In its retracted position, the pistpn 290 does not apply force against the diaphragm 11 6. As before described, 
the plastrc memory of the diaphragm 116 unseats it from the valve ring 124 (as Fig. 8 shows), and thereby opens the 
^ valve station to IqukJ flow. 

The pressure sensing transducers PSI.to PS4 sense liquid pressures in the sensing stations $1 to S4. The sensed 
pressures are transmitted to the controller 246 as part of its overall system monitoring furuition.. . 

M The Cassette Pumping Module 

3S 

As Figs. 24 and 25 show, in the illustrated and preferred emtxxiiment, each cassette purtiping module 254 iricludes 
a pair of peristattb rotor assemblies 292. The rotor assemblies 292 face each other at opposite ends of the valve 
assembly 286. 

A rear wall 294 extends about half way around the back side of each rotor assembly 292 (see Figs. 24 and 25). 
40 The space between the rear wall 294 and the rotor, assembly 292 forms a pump race 296. When the cassette 22A is 
gripped by the etemerUs 256, the tubing kx>ps 1 34 and 1 36 extend into the pump race 296 (see Fig. 41 ). 

As before described, the tube connectors T4/T5 and ISfTT from which the loops '1 34 and 1 36 extend stops in the r 
direction the pump rotor assemblies 292 (see Fig. 44A). The angled connectors T1/T2 and T9/T10 orient the toops 
134 and 136 relative to the race 296 while loading the cassette 22A onto the statran 236A (see Figs. 44A and 44B). 
This aspect will be described in greater detail later. ^ 

Referring back to Figs. 24 and 25, each rotor assembly 292 includes a rotor 298 that carries a pair of diametrically 
. spaced rollers 300. In use. as tfie punrtp. rotor 298 rotates, the rollers 300 In succession compress the associated 
tubing toop 1 34/1 36 against the rear wall 294 of the pump race 296. This well known peristaltk: pumping actkxi urges 
fluid throu^ the associated loop 134/136. 
so In the illustrated and preferred embodiment, each rotor assembly 292 iricludes a self^toadlng mechanism 302. The 
self-loading mechanism. 302 assures that the tubing kx)ps 1 34/1 36 are properly oriented and aligned within their re- 
spective pump races 296 so that the desired peristaltic pumping action occurs. 

While the specific structure of the self-bading mechanism 302 can vary, in the illustrated embodiment, it includes 
a pair of guide prongs 304 (see Figs. 24 and 25). The gukJe prongs 304 extend from the top of each rotor 298 ak>ng 
ss opposite skies of one of the pump rollers 300. 

In this.arrangement. the toading mechanism 302 also includes a roller k)catvig assembly 306 (see Figs. 35 to 40). 
The locating assembly 306 moves the pump rollers 300 radially of the axis of rotatbn. The rollers 300 move between 
a retracted positton within the associated pump rotor 296 (see Figs. 37 and 38) and an extended posdnn ouiskto the . ; 
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associated pump rotor 298 (see Figs. 39 and 40). 

When retracted (see Figs. 37 and 36). the rollers 300 make no contact with the loops 134/136 within-the races 
296 as the rotors 29B rotate. When extended (see Figs. 39 and 49), the rollers 300 contact the loops 134/136 within 
the races 296 to pump fluid in the manner just described. 
5 The roller locating assembly 306 also may be variou6(y constructed. In the illustrated and preferred embodiment 
(see Figs. 35 and 36). the assembly 306 includes an actuating rod 308 that extencte along the axis of rotation of the 
associated rotor 298. One end of the actuating rod 308 is coupled to a iinear'actuatbr 31 0 (see F)g. 26). The actuator 
310 advances the rod 308 toward the pump rotor 298 and away from the pump rotor 298 in response to controller 
commands (as the arrows A in Fig. 36 show). 
10 Theotherendof therod.308isanachedtoafirstUunnion312withintherotor29a(seeFigs. 35 and 36). Movement, 
of the rod 308 toward and away from the rotor 296 slides the first trunnion 312 generatty along axis about which tlie 
rotoir 298 rotates (i.e., along arrows A in Fig. 36). 

A first link 314 couples the first trunnion 312 to a pair of second trunnkms 31 6. one associated with each roller 
300. In Fig. 36. only one of the second trunnk)ns 316 is shown for the sake of illustration. The first link 314 displaces 
IS ihe second trunnions 316 jn tandem in a direction generally transverse the path along which the first trunnion 312 
moves (as shown by arrows B in Fig. 36). The second trunnions 316 thereby move in a path that is perpendk^ular to 
the axis of rotor rotation (that is, arrows B are generally orthogonal to arrows A in Fig. 36). 

Each piimp roller 300 is carried by an axle 316 on a rocker arm 320. The rocker arms 320 are each, in turn, coupled 
by a second link 322 to the associated second trunnion 316. 
^ Displacement of the second trunnk>ns 316 tpward the rocker amns 320 pivots the rocker arms 320 to move the 
rollers 300 in tandem toward their retracted positions (as shown by arrows C in Fig. 36). 

Displacement of the second tnjrintons 316 away from the rocker arms 320 pivots the rocker amis 320 to move the 
rollers 300 in tandem toward their extended positions. . 

Springs 324 normally urge the second trunnions 316 toward the rocker arms 320. The springs 324 nonnally bias 
25 the rollers 300 toward their retracted positions. 

In this arrangement, movement of the actuator rod 308 away from the rotor 298 displaces the second trunnions. 
316 against the action of the springs 324, pivoting the rocker arms 320 to move the rollers 300 into their extended 
positions, ti/kivement of the actuator rod 308 toward the rotor 298 augments the spring-assisted return of the rollers 
300 to their retracted positions. 
00 The independent action of each spring 324 against its associated second trunnions 316 and links 314 places 
tension upon each individual pump roller 300 when in its extended position. Each roller 300 thereby Independently 
accommodates, within the compression limits of Its associated spring 324. for variations In the geometry and dimen- 
sions of the partteular tubing loop 134/136 it engages. The Independent tensioning of each roller 300 also accommo- 
dates other mechanical variances that may exist within the pump module 254. again within the compression limits of 
^^ its associated spring 324. 

As Fig. 26 shows, a small brushless direct current motor 326 drives each peristaltic pump rotor 298. A gear as> 
sembty 328 couples the motor 326 to the associated rotor 298. 

In the illustrated and preferred enibodlment (see Fig. 26), the actuator rod 308 rotates with its associated rotor 
298 within the first trunnion 312. The other end of the rotating actuator rod 308 passes through a thrust bearing 330. 
40 The thrust bearing 330 bias an outer race 352 attached to a shaft 334 that is an integral part of the linear actuator 31 0. 
In the illustrated embodiment the linear actuator 310 is pneumatically operated, although the actuator 31 0 can be 
actuated in other ways, in this arrarigement, the actuator shaft 334 is carried by a diaphragm 336. The shaft 334:m6ves 
. toward Ihe rotor 298 in response to the applbatton of positive pneumatk: pressure by the controller 246, thereby re- 
tracting the rollers 300. The shaft 334 nrx>ves away from the roior 298 In response to negative pneumatk: pressure by 
45 the controller 246. thereby extending the rollers 300. 

In the illustrated and preferred embodiment (see Fig. 26). the actuator shaft 334 carries a small nriagnet 338. The 
actuator 310 carries a hall effect transducer 340. The transducer 340 senses the proximity of the magnet 338 to de- 
termine whether the shaft 334 is posittoned to retract or extend the rollers 300. The transducer 340 provides an output 
to the controller 246 as part of its overall monitoring function. 
so Referring now to Fig. 41, in use. the£onlrol)er 246 actt^tes the actuator 310 to retract the rollers 300 before the 
cassette 22A is k)aded onto.the station 236/V. The controlier 246 also positkxts each rotor 298 to orient the guide 
prongs 304 to face the vah/e module 252, i.e., to face away from the associated pump race 296. 

The cassette 22A is loaded into the gripping elements 256. as already described. The skjped connectors T1/T2 
and T9/T1 0 Initially guides the kxjps 1 34/1 36 directly ffito the pump races 296 (see Figs. 41 and 44A). The guide prongs 
^ 304, being positioned away from the pump race 296, do not obstruct the bading procedure. 

Subsequent rotation of the rotor 296 (see Figs. 42 and 43) moves the guide prongs 304 into contact with the top 
surface of the tubingi toops 134/136. This contact compresses the tuboig kx)ps 134/136 into the pump race 295. This 
orients the plane of the tubing \oops 134/136 perpendicutar to the rotatkxial axis of the rotor 298 (as Fig. 44B shows). 
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Several revolutions of the rotor 298 will satisfactorily fit the tubing loop 134/1 36 into this desired orientation within the 
race 296. As already pointed out. the retracted rollers 300 sen^e no pumping (unction during this portion of the self< 
loading sequence. . 

As Fig. 44B shows, the cassette port connectors T4/T5 constrain the spacing between the tubing loops 134/136. 
s The angled orientation of the connectors JAfTS assure that the tubing loops 1 34/136 are slightly compressed within 
the races 296, when oriented perpendicular to the rotors 298 for use. 

This arrangement substantiatiy eliminates variances in orientation or alignment of the tubing loops 134/1 38 within 
the races 296. The desired uniform iinearity between pump rate and pump rotor speed Is thus directly related to the 
mechanics of the pump rotor assembly 292 itself. It is not subject to random variation because of tubing loop misori- 
to entation or misalignment within the race 296 during the loading process. 

Once the*tubing loop 134/136 is fitted within the pump race 296. the controller 246 actuates the roller positioning 
mechariisrn 306 to extend the rollers 300 (see Fig. 46). Subsequent rotation of the rotor 298 will squeeze the tubing 
loop 1 34/1 36 within the race 296 to pump liquids in the manner already described. 

When it is time to remove the cassette 22A, the controller 246 again retracts the rollers 300 and positions the rotor 
'5 298 to orient the guide prongs 304 to face away from the pump race 296. This opens the pump race 296 to easy 
removal of the tubing loop 1 34/1 36. 

The roller positioning mechanism 306' can also be actuated by the controller 246 to serve a valving function. The 
■rotor 298 can be slopped with one or more rollers 300 occupying the race 296. The rollers 300, when extended (see 
Fig. 46) occlude the associated tubing loop 134/136. Retracting the rollers 300 (see Fig. 45) opens the associated 
20 tubing loop 134/136. 

Selectively retracting and extending the stationary roller 300 serves a valving function to open and close the liquid 
path through the tubing loop 134/136. 

In a preferred embodiment^ each pump rotor assembly 292 just described measures about 6.9cm (2.7 inches) \n 
diameter and about16.5cm (6.5 inches) in overall length, including the motor 326 and.the linear actuator 310. The 
2S . pump rotor assembly 292 is capable of providing pumping rates in' the range between a tew miHilrters per minute to 
250 millifiters per minute. 

As shown In Fig. 25. the cassettes 22A/B/C are lowered in tandem with the tray 26 onto the control stations 236A^ 
B/C. The tray chambers 152 A/B/C fit over the pump rotors 298, while the hollow ridges 156 fit over the gripping element 
covers 258. 

30 These preformed parts of the tray 26 thereby sen/e as protective covers for operating components of the centrifuge 
assembly 1 2. shielding them against ingress of liquids and operator contact during use. 

Hi) The Centrifuge . 

35 As Figs. 21 and 21 A show, weight bearing wheels 450 support the centrifuge cabinet 228 on the surface 452. The 
support surface 452 lies generally in the horizontal plane. 

The centrifuge 230 rotates about an axis 344 within the compartment 232. As Fig. 21 A shows, unlike conventional 
centrifuges, the rotational axis 344 of the centrifuge 230 is not oriented perpendicular to the horizontal support suriace 
452. Instead, the rotational axis slopes in a plane 454 outside the vertical plane 456 toward the horizontal support 
40 surface 452 (see Fig. 21 A). 

The centrifuge 230 is supported within the compartment 232 outside the verticar plane 456 such that its rotating 
components lie near the access door 234 (see Fig. 21). In this way, opening the door 234 provides direct- access to 
the rotating components of the centrifuge 230. 

The sloped orientation of rotational axis 344 albws the centrifuge 230 to be mounted in a way that conserves 
is vertical height. 

The exterior panel 238, where the principal operating components associated with the centrifuge 230 are support- 
ed, lies in a plane 458 (see Fig. 21 A) that Is not parallel to the horizontal support plane 452. Instead, the panel 238 
slopes outside the horizontal plane toward the vertical plane 450. The sloped panel plane 238 intersects the plane 454 
In which the rotationat axis 344 of the centrifuge 230 lies, forming the intersection angle 9 (6oe Fig. 21 A). 
so In this orientation (as Figs. 21 and 21 A show), the bottom edge 460 of the sloped panel 238 lies near the access 
door 234. In this arrangement, a majority of the centrifuge 230 extends beneath the exterior panel 236. 

The sloped orientation of panel 230 conserves horizontal depth. 

The angled relationships established between the rotational axis 344 of the centrifuge 230 and the plane 458 of 
the panel 238 make it possible to place the rotating centrifuge components for access in a zone that lies between. the 
^ knees and chest of the average person usng the machine. These relationships also make it possible to place the 
stationary functtonal components like pumps, sensors, detectors, and the like for access on the panel 238 by the user 
within the same zone. Most preferably, the zone lies around the waist o1 the average person. 

Statistics providing quantitathre information about the location of this preferred access zone for a range of people 
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(e.g.. Large Man, Average Man/Large Woman, Average Adult, Small Man/Average Woman, etc.) are tound in the 
Murnanscale'''^ Series Manuals (Authors: Niels Diftrient et aL, a Project of Henry Dreyfuss Associates), published by 
the MIT Press, Massachusetts Institute of Technok>gy/Cambridge, Massachusetts. ' 

As will be shown later, these angled relationships established anK)ng the rotating and stationary components of 
5 the centrifuge assembly 1 2 provide significant ergonomic benefits that facilitate access to and operation of the assembly 
.12. 

Within these constraints, and depending upon the particular structure of the centrifuge assembly 12. the rotational 
axis 344 can extend parallel to the horizontal plane 452, or (as Figs. 21 and 21 A show) at an angle somewhere between 
the horizontal support plane 452 and the vertical plane 456. 
10 Within these constraints, the panel intersection angle p can extend in a range fixed on the lower end by the need 
to avoid interference between the centrifuge components within the compartment 232 and the pump and sensor com- 
ponents nriounted below the panel 238. The range for the angle ^ is fixed on the upper end by the need to avoid 
interference with hanging solution containers 20 and other corhponents mounted above the panel. 

In the illustrated and preferred embodiment (see Fig. 21 A J, the plane 454 in which the rotational axis 344 of the 
IS centrifuge 230 lies extends at about a 45° angle with respect to the horizontal support plane 452. 

In the illustrated and preferred embodiment, the vertical height between the support surface 452 and the top of 
the centrifuge 230 (identified as D1 in Fig, 21 A) is about 76.2cm (30"). This places the centrifuge 230 within thedesired 
access zone of a statistically "typicaP, small woman, when standing, as defined by the above identified Humariscale'^ 
Series Manuals. ^ • 

20 In the illustrated and preferred embodiment (see Fig. 21 A), the panel 230 has an overall length of about 45.7cm 
(16 inches) (designated D2 \n Fig, 21 A). The intersectbn angle p is about 70**. In this orientation, the horizontal depth 
of the centrifuge assembly 12 (Identified by D3 in Fig. 21 A), measured between the plane 454 of the rotational axis 
344 and the back edge of the panel 230. is about 60. 1cm (24 inches). 

This places all the components mounted on and above the panel 230 within the comfortable horizontal reach ol 
2S the statistically "typicar snnall woman (as defined above)i when standing, without need to overreach or over-«xtend. 

These relationships can be structurally achieved in various ways. In the illustrated and preferred embodiment (see 
Figs. 47 and 43), the underlying structural support for the cabinet 228 includes angled side braces 462 in the perimeter 
of the compannrtent 232. A transverse support bracket 464 is fastened between the Me braces 462. 

A stattonaiy platfomn 346 carries the rotating mass of the centrifuge 230. The platform 346, and therefore the entire 
30 rotating mass of the centrifuge 230, are mounted on the transverse support bracket 464 by a series of. spaced apart 
flexible mounts 466. The flexible mounts 468 support the rotating mass of the centrifuge 230 at the described inclined, 
nonperpendlcular relationship. 

Pref erably (as Figs. 47 and 48 show), a spill shield 470 is attached to the stationary platform 346. The shieki 470 
enclose all but the top portion of the rotating components of the centrifuge 230 (as Fig. 22 also shows). 
3S As shown in Fig. 49. the rotating components of the centrifuge 230 include a centrifuge yoke a8sembly-348 and 
a centrifuge chiamber assembly 350. The yoke assembly 348 rotates on a first axle 352. The chamber assembly 350 
rotates on the yoke assembly 348 on a second axle 354. The first and second axles 352 and 354 are commonly aligned 
along the rotatk)nal axis 344. 

The yoke assembly 348 includes a yoke base 356, a pair of upstanding yoke arms 358, and a yoke cross member 
40 360 mounted between the arms 358. The base 356 is attached to the first axle 352, whk:h spins on a bearing element 
362 about the stationary ptatfonm 346 (see Fig. 58, also). 

An electric drive 364 rotates the yoke assembly 348 on the first axle 352. In the illustrated and preferred embod- 
iment, the electric drive 364 comprises a permanent magnet, brushless DC motor. 

The chamber assembly 350 is attached to the second axle 354, which spins on a bearing element 366 in the yoke 
45 cross member 360 (see Fig. 58, also). 

As Fig. 49 shows, one end of the yoke cross member 360 is mounted by a pivot hinge 368 to a yoke ami 358. The 
yoke cross member 360 and the chamber assembly 350 attached to it pivot as a unit about the hinge 368 between an 
operating position (shown in Fig. 49) and a k>adlng position (shown in Figs. 50 and 51 ). 

When in the operating position (see Fig. 49). the chamber assembly 350 assumes a downward facing, suspended 
so orientation on the yoke cross member 360. The other end of the yoke cross member 360 includes a latch 370 that 
mates with a latch receiver 372 on the other yoke arm 358 (see Figs. 53 and 54, also). The latch 370 and receiver 372 
releasably lock the yoke cross nnember 360 in the operating position (as Fig. 53 shows). 

Freeing the latch 370 from the receiver 372 (see Fig. 54) altows the user to pivot the yoke cross member 360 into 
the k)adihg position. In this positbn (see Figs. 50 and 51 ). the dumber assembly 350 assumes an upward facing 
ss drientation. 

The latch 370 and receiver 372 can be constructed in various ways. In the illustrated and preferred embodiment 
(see Figs. 55 to 57). the latch 370 comprises an opposed pair of push knobs 472 held by pins 474 within slide bushings 
476 within the latch 370. The knobs 472 are movable within the bushings 476 between an outward position (shown in 



16 



EP 0 852 953 A2 



ng. 56) and a Inward position (shown in Fig. 57). A compression spring 478 biases the knobs 472 toward their outward 
position. Manually squeezing the l(nobs 472 toward each other (see Fig. 54) moves the knobs 472 into their inward 
position. • 

The knobs 472 each include an axial surface groove 480 with a recessed detente 482 (see Fig. 55). When the 
s knobs 472 are squeezed into their inward posKion (see Fig. 57), the each detente 482 registers with a latch hole 464. 
When aligned, the detente 482 and hole 484 accommodates passage pi the latch tip 488 of a latch pin 486 on the 
receiver 372. 

When released, the spririg 478 returns the knobs 472 to their outward posltk)n (see Fig. 56). Each groove 482 
registers with the hole 484 preventing passage of the latch tip 488. This locks the latch 370 and receiver 372 together. 
10 ' until the knobs 472 are again' manually squeezed into their Inward position to free the latch tip 488. 

Because of the angled orientation of the centrifuge, opening the door 234 presents the yoke cross .member 360 
to the lypfcal user at his/her waist level, (as Fig. 74 shows). The user can open the door 234 and, without bending or 
stooping, squeeze the knobs 472 to release and th6n pivot the yoke cross member 360 and attached chamber assembly 
350 out of the compartment 232. This places the chamber assembly 350 into its upward facing orientation, which is 
IS also at the typKat user's waist level 

As Figs. 51 and 52 show, with the chamber assembly 350 in Us upward facing orientation, the user can open the 
entire processing chamber assembly 350 to load and unk>ad of the disposable processing chamber 1 6. In the illustrated 
embodiment, the distance (D4 in Fig. 21 A) between the horizontal support plane 452 and the top of the processing 
chamber assembly 350, when opened for loading, is about 29 inches. 
^0 For this purpose (see Fig. 52), the chamber assembly 350 includes a rotating outer bowl 374. The bowl 374 carries 
an inner spool 376. An arcuate channel 378 (see Figs. 52 and 58) extends between the extertor of the inner spool 376 
and the interior of the outer bowl 374. When wrapped about the spool 376. the processing chamber 16 occupies this 
channel 378. 

The chamber assembly 350 Includes a mechanism 360 for moving the inner spool 376 telescopically out of the 
^5 bowl 374. This allows the user to wrap the processing chamber 16 about the spool 376 before use and to unwrap and 
remove the processing chamber 16 from the spool 376 after use. 

. The mechanism 380 can be variously constructed. In the illustrated embodiment (as Fig. 58 best shows), the outer 
bowl 374 is coupled to the second axle 354 through a plate 382. The plate 382 includes a center hub 384 that surrounds 
the second axle. 354 and that, like the plate 382. rotates.on the second axle 354. - 
'30 The Inner spool 376 also has a center hub 386 that telescopbally fits about the plate hub 384. A key 388 connects 
the inner spool hub 386 to the plate hub 364 for cdmnion rotatkm on the second axle 354. The key 388 fits in elongated 
keyway 390 In the plate hub 384. so that the entire Inner spool 376 can be moved atong the axis of the plate hub 384 
into and out of the bowl 374. 

In this arrangement, the Inner spool 376 is movable along the second axle 354 between a lowered operating 
35 position within the outer bowl 374 (as Figs. 49 and 58 show) and an uplifted loading position out of the outer bowl 374 
(as Fig. 52 shows). 

• Further details of the chamber assembly as found in EP-A-572.656. . . ' 
(iitt The Centrifuge4Jmb»lcus Interface 

As Figs. 58 and 59 best show, the centrifuge 16 Includes three umbilicus mounts 392. 394, and 396 positioned at 
spaced apart positions on the centrifuge 16. The mounts 392 and 396 receive the umbilicus supports 204 and 206. 
The mount 394 receives the umbilicus thrust bearing member 214. 

As Figs. 58 and 59 show, the mounts 392, 394. and 396 hold the umbilicus 24 in a predetemnined orientation during 
^ use, which resembles an inverted question mark. ' 

The uppennost umbilicus mount 392 is located at a nonrotating positbn above the chamber assembly 350 (see 
Fig. 21. too). A pin 396 (see Fig. 59) attaches the proximal eiid of the upper umbilicus mount 392 to the statk>nafy 
platform 346. The upper mount 392 pivots on this pin 398 between an operatinig position (shown in solid JInes in Fig. 
49 and 59) and a toading position (shown In phantom lines In Fig. 49). 
so in the operating posilkxi (see Fig. 59), the distal end of the upper mount 392 is aligned with the rotational axis of 
the charhber assembly 350. In the loading position (as shown in Figs. 50 and 51), the distai end is pivoted out of the 
way, to facilitate loading and untoading the umbilicus 24. The upper mount 392 can be manually kx;ked for use in the 
operating positton using a conventional over-center toggle mechanism (not shown) or the like. 

The upper mount includes an over-center clamp 400 on itsdistal end. As Figs. 60 to.62 best show, the clamp 400 
ss includes cooperating first and second clamp mernbers 412 and 41 4 pivotalty attached to a clamp base 416. The ctamp 
merhbers 412 and 414 swing open to receive the upper umbilicus support member 204 (see Fig. 60) and swing ck^se 
to capture the flange 210 on the support member 204. The interior surfaces of the clamp members 412 and 414 and 
base 416 are configured in a D-shape that, when closed, mates with the D-shape of the flange 210. The clamp member 
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414 carries an over-centor latch 418 that locks the members 41 2 and 41 4 closed. When closed, the upper mount 392 
holds the upper portion of the urhbllicus 24 against rotatiori in a position aligned with the rotational axis ol the chamber 
assembly 350. 

A yoke assembly 346 includes a wing plate 420 that carries the middle umbilbus mount 394 (see Fig. 59). As Figs. 
. 5 63 and 64 further show, the mount 394 takes the form of an aperture that receives the thrust bearing member 21 4V:arried 
by the umbilicus 24. The thrust bearing member 21 4 attaches in a secure'snap fit within the aperture mount 394. This 
connectk)n albws the umbilicus 24 to rotate, or roll, about the thrust bearing member 214 as the yoke rotates.about 
the first axle 352, but othenvise secures the umbllk^us 24 to the yoke assembly 348. 

The yoke assembly 348 includes another wing plate 422 diametripally spaced from the wing ptate 420. The wing 
10 plate 422 carries a countidnweight 406, to counter balance the umbllk:us mount 394. 

The lowemost umbilicus mount 396 hoMs the k>wermost support member 206 carried by the umbilicus 24. As 
Figs. 65 to 67 best show, the lower mount 396 includes a ciaiDp 402 that is fastened to the spoof hub 386 for conrvnon 
rotation about the second axle 354. The clannp 402 also rides with the spool 376 atong the plate hub 384 as the spool 
is raised and lowered between its lowered operating position and its uplifted loading position. 
IS As f=^lgs. 51 and 52 show, the tower umbilicus mount 396 is presented to the user when the chamber assembly 
350 occupies upward facing orientatton and the spool 376 is lifted into its loading position. 

The clamp 402 includes hinged clamp members 424 and 426 (see Figs. 65 to. 67). The members 424 and 426 
open to receive the lower umbilicus support 206 (as Fig. 65 shows) and close to capture the mount 206 (as Figs. 66 
and 67 show. 

^ . The imerk)r of the clamp members 424 and 426 are configured in a 0-shape to rnate with the D-shape of the llang 
. 210 carried by the tower umbilicus support 206. A latch assembly 426 (see Fig. 65) tocks the members 424 and 426 
during use. 

The lower mount 396 holds the lower portion of the umbilicus 24 in a position aligned with the rotational axis of 
the second axle 354 (see Fig. 59). The fDount 396 grips the lower umbiteus support 206 to rotate with the lower portion 
25 of the umbilicus 24. 

In the illustrated and preferred embodinrvent, the tower mount 396 Includes beveled support plate 430. As Fig. 64 
best shows, the plate 430 supports the tubing 1 8 as it extends from the tower umbilicus support 206 and bends toward 
the processing chamber 16. The support plate 430 prevents crimping of the tubing 18 as It nrtakes this transition. 

The upper mount 392 holds the upper portion of the umbilicus 24 in a non-rotating position above the rotating yoke 
30 assembly 348, Rotatfon of the yoke assembly 348 imparts rotation to the umbilicus about the thnjst bearing member 
214 heki by the middle mount 394. Rotation of the umbilicus 24, in turns, imparts rotation through the lower mount to 
the chamber assembly 350. 

For every 160** of rotation of the first axle 352 about its axis (thereby rotating the yoke assembly 348 180<*), the 
umbilicu824 will rollor twirl 180^ In one direction about its axis, due tothe fixed upper mount 392. This rolling component, 
3S when added to the 1 80" rotating component, will result in the chamber assembly 350 rotating 360* about Its axis. 

The relative rotation of the yoke assenibly 348 at a one omega rotattonal speed and the chamber assembly 350 
• at a two omega rotattonal speed, keeps the umbilicus 24 unlwlsted, avoiding the need for rotating seals. 

Further details of this arrangement are disclosed In Brown et al U.S. Patent 4, 1 20,449, which is Incorporated herein 
by reference: 

40 * 
( WUmblllcus Oflentatlori 

The centrifuge 230 made provWes a smalll compact operating environment. The compact operating environment 
leads to rates of rotation greater than those typically encountered In conventtonal btood centrifuges. 
45 For example, a conventtonal CS-3000® Blood Cell Separator manufactured and sokJ by Baxter Healthcare Cor- 
poration (Fenwai Division) operates at centrifuge speed of between zero and about 1 600 RPM, On the other hand, the 
centrifuge 230 made and operated according to the invention can be operated at speeds of upwards to 4000 RPM. 

In this high speed operating environment, the umbiOcus 24 Is subjected to signiftoant cyclical flexure and stretching 
while spinning at high speeds. 

so As before described. as the umbilicus 24 and the yoke as8emt>ly 348 spin 360^. the main body 200 oH the umbiltous 
24 rolls or twirls one rotation about its axis. At the same time, centrifugal force pulls outward on the umbilicus 24 as it 
rotates with the yoke assembly 348. 

These rollinig and pulling forces generate localized stress on the upper support menrtber 204, which is held sta- 
ttonary by the umbilicus mount 392. To moderate this localized sircss. the umbilicus 24 includes the lapered strain 
55 relief sleeve 212. The tapered sleeve 212 helps to maintain a desired operating curvature in the upper region ot the 
umbilicus 24, keeping the umbiltous. 24 from buckling, twisting, and ripping apart. 

The followtng Table i shows the effect of the tapered sleeve 21 2 in moderating stress, based upon a mathemattoal 
model using the cornmerclally available ABAQUS"!^ finite element code. 
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TABLE 1 



1 EFFECT OF TAPERED STRAIN RELIEF SLEEVE 


f V 


Sleeve ^ 


Sress^ 


Inch 


cm 




inch 


cm 


psi 


pascals 


14 


35.6 • 


None 






Failure - 




14 


35.6 


No Taper 


1.5 


38 


1115 


7.688. 10« 


14 


35.6 


No Taper 


2.0 


5.1 


1302 


8.977.l6» j 




35.6 


No Taper 


3.0 


7.6 


1472 


10.149.106 1 


14 


35.6 


No Taper 


3.5 


• 8.9 


Failure 




. 14 


35.6 


Tapered 


1.0 


2.5 


1154 


7.957.10« 1 


* 14 


35.6 


Tapered 


1.5 


3.8 


765 


5.275.10^ '1 




35.6 


Tapered 


2.0 


5.1 


833 


5J44.10g ' 1 



Noioo: 



The malhomatical model asaumod: . , 

1 . A coextmded multilumen umbllicua (5 lumena) was made of KytreP 40S6 Plaatio Maledai. II waa attached ^ a «entrifugft ganerafly aa shown 'm 
- Fig. 69. which was rotated at 2000 RPM. In Table 1 . 'L' designates the overall length of the umbilloua. in inches. 

2. The umbilicus induded an upper and lower support member 204 and 206. each made of HyireP 8122 Plastic Material. The umbilicus did not 
cany a Ihnist bearing member 214. Each upper and lower support member included either (I) rM> strain relieve sleeve 214 (deslgnaled 'None* in 
Table 1 ): (2) a strain relief sleeve 214 of constant wall thickness (destgnaled *Mo Ibper* In laUe 1 ); or (3) a tapered strain reHef sleeve 214 (designated 
'Tapered* in Table 1). The strain relief sleeve, when used, measured 1.6cm (0.626') In maximum outer diameter, with a maximum wati thickness of 
O.pTScm (0.030*). The sleeves 214 ranged in length between 2.5cm lo 8.9crn (1 .0' to 3.5*). as indicated. 

3. Stresseo (in psi) indicated the mwdmum von Mises stresses measured along the umbtHeus. In Table 1. *Faiure* indicated that the umbllicua 
btiGMedal2000HPM. 

Table 1 demonstrates that, in the absence of any strain relief sleeve (tapered or otherwise), the umbilicus buckled 
at 2000 RPM. The presence of a strain relief sleeve prevented this type of failure. Table 1 also demonstrates lhat a 
tapered strain relief sleeve significantly reduced the measured stress, compared to a nontapered sleeve. 

The rolling and pulling forces on the umbilicus also develop localized stress on the lower support member 206, 
which rotates with the tower umbtlrcus mount 396. The umbilicus 24 includes the thrust bearing nnember 21 4 to moderate 
stress localized in this region. The thmst bearing member 214 allows the umbilicus 24 to roll or twirl with rotation, 
thereby providing long term, high speed perfornriance. The thrust bearing member 214 rvtaintalns a d^ired operating 
curvature in ihe lower region of the umbilicus to equalizes the stress load, preventing the build up of high stress con- 
ditbns in the region of the lower support member 206. 

The following Table 2 shows the effect of the rotating thrust bearing member 214 on the moderating strBSS.along ' 
the umbilicus, based upon the same mathematical model. 



TABl£2 



I EFFECT OF ROTATING THRUST BEARING 


Length Above/Below^ 


Upper Support/Stain-Relief^ 


Stress^ 


inch 


cm 




Inch 


cm 


psi 


pascals 


11.5/5 


29.2/12.7 


Tapered 


1- 


2.5 


818 


5.640.10^ 


11.5/5 


29.2/12.7 


Tapered 


1.5 


3.8 


589 


4.061.106 


11/5 


29.2/12.7 


Tapered 


1 


2.5 


781 


5.385.106 


11/5 


,29.2/127 


Tapered 


1.5 


3.8 


564 


3.689. 10« 



Notes: 

The mathematical model assumed: 

1 . A coextnided multilumen umbilicus (5 lumens) was made of Kytre/^ PlasHc Material. U was attached to the centrifuge as shown In Fig 69 
and rotated at 2000 rpm. In Table 2, 'Above* designates the overall length of the umbilicus, in inches, measumd from the upper support member 
204 to the thrust bearing eiemenl 214. In 1able 2. 'Betow* designates the ovoniD length of the umbiUcus. in inches, measured from the tower support 
nmbw 208 to the ihrusl bearing etemenl 214, 

2. The umbOicua Included an upper and tower support member 204 and 208. each made oiH^tre^eili2 Plastle MatoflaL The upper support member 
204 fawludad a te^wred strain relief deeve. like that ueed In laMa 1. ranging fat length between 2San to 3.8cffl (1 .0^ to 1.5*). as Indkatod. 

3. Stresses (in psi) indicaled Ihe maximum voit Misee stresses measured. 



21 



EP0e52 9S3A2 



When compared to Table 1 . Table 2 demonstrates that the presence of a rotating thrust bearing element 21 4 leads 
to significantly reductions in the stress measured 

Furthermore, the location of (he thrust bearing member 214 reiative.to the lower support member is important to 
maintainlr)g the desired curvature of the umbilicus for stress reductiori and kmg term performance, the magnitude of 
s the thrust angle a of the member 214 (shown in Fig. 69) is also important to the moderation of stresses. 

As Fig. 69 shows, rotation of the umbilicus localizes stress forces at three locatbns. designated SF1, SF2. and 
SF3. SF1 Is located just below the tower support member 206; SF2 is located at the thnjst bearing 214; and SFd is 
located at the strain relief sleeve 212 of the upper support member 204. 

Among these, the magnitude of SF1 is the most inrtportant. Here is where th^t the rolling motion of the umbilicus 
10 . 24 and the one omega rotation of the yoke assembly 348 are translated into two omega rotation of the chamber as- 
sembly 350. 

As the radial distance (X) shown in Fig. 69 between the rotational axis 344 and the thrust bearing member 214 
Increases^ SFl increases, and vice versa. It is therefore desirably to locate the thrust bearing member 214 close to 
the rotational axis, thereby reducing distance (X). However, as the radial distance (X) decreases. SF2 increases, and 
IS vice versa. Therefore, in selecting (X), a tradeoff between decreasing SFl' and increasing SF2 must be made. The 
thrust angle a of the member 214 must also be taken into account in the distribution of stresses, 
. As the axial distance (Y) shown In Fig. 69 between the bottom of the lower support element 206 and the thrust 
. bearing member 214 decreases, SFl increases, and vice versa. It Is therefore desirably to locate the thrust bearing 
element 214 axially away from the bottom of the lower support nrterhber 206. thei'eby increasing the distance (Y). 
20 However, as the axial distance (Y) Increases, SF2 Increases, and vice versa. Therefore, in selecting (Y), a tradeoff 
between decreasing SF1 and Increasing SF2 must again be made. 

As distances (X) and (Y) change, so too do the radial distance (Z) and the axial distance (A) shown in Fig. 69. 
Distance (Z)ls the maximum radial spacing between the axis of rotation 344 and the unnbllicus 24. Distance (A) is the 
maximum axial spacing between the bottom of the lower support member 206 and the umbilicus 24. 
2S Distances (A) and (Z) govern the clearance between the umbilicus 24 and the chamber assembly 350. These 
. distances (Z) and (A) dictate the overall geometry and size of the space surroundnig the chamber assembly 350. 
In selecting an optimal design, the following criteria are considered In^^ 

(1 ) Given the modulus of the umbilicus 24 made according to the illustrated and preferred embodiment, and fac- 
30 toring in a safety margin, the i5F1 force on the umbilicus (expressed in terms of a von Mises stress) should not 

. exceied about 3.889.10^ pascals (564 pounds per square inch (PSI)). This factor can. of course, vary according 
to the particular construction and rnaterials used in making the umbilicus 24. 

(2) Given the construction and materials of the thrust bearing member 214 made according to the illustrated and 
preferred embodiment, and again factoring a safety margin, the total load on the thrust bearing member 214 (as 

35 measured along the axis of the bearing, member 2T4) should not exceed 44N (10 pounds); This factor can, of 
course, vary according to the particular construction and materials used in making the thrust bearing member 214. 

(3) Given that desired physical layout and dimensions of the centrifuge 230 should meet the criteria of porlabilrty 
and compactness, the distance (Z) should be less than about 1 4cm (5.5 Inches). The distance (A) should be greater 
than about 0.6cm (0.25 inch) to provkie enough clearance about the bottom and skies of the rotating centrifuge 

40 230 during use! 

Table 3 summarizes the variations in stresses observed with changes tn positbn and thrust angle a of the thrust 
bearing element 214 based upon the same nrtathematk^l model. 

4S 
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1 pascals 


4. 109. 10* 
3.896.10* 
3.841.10* 
3.896.10* 
3.641.10* 
3.482.10* 
4.544.10* 




4.089.10* 
4.213.10* 
4.103.10* 
4.006.10* 
3.985.10* 
4.165.10* 1 


& 


§8SSS § § § 


S 5 « SS ?5 s 

<n iT) IT) in VO 


•i i 




• 

9.81/5.00 

9.22/7.16 

10.00/6.77 

10.79/6.38 

11.48/5.79 

11.48/5.79 

11.48/5.79 


32.08/10.59 
30.31/4.12 
30.41/7.95 
30.41/12.95 

28.84/15.79 


2.22/1,13 
2.07/1.61 
2.24/1.53 
2.42/1.44 
2.59/1.30 
2.59/1,31 
2.57/1.30 1 


7.20/2,39 
6.81/0.92 

^ TO 

6,84.2.91 
6.49/3.54 






<o ^ ^ en cn en «n «r> 


Q o o o in o 

CO CO CO CO ..m CO 




g 


c4 c4 m' 


CO «n m v> 
c4 o r-^ (S ci 


.a 


^ ^ ^ "0 ^ ^ ^ 


i-H . O ''I .-^ 




cm 


CO CO . CO CO CO CO CO CO 

Q o o d d o o d 

^ ^ ^ 9^ f-f t-< 


CO CO CO CO CO ■ CO 

d d d d ^ S 

9^ 




M 


4 1/16 
4 1/16 
4 1/16 
4 1/16 
4 1/16 
4 1/16 
4 1/16 
4 1/16 


4 1/16 
4 1/16 
4 1/16 
4 1/16 
4 1/16 
4 1/16 




cm 


•OP ' 

12.7 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 
13.3 


28.6 
27.9 
27.9 
27.9 
27.9 
27.3 




.a 


$ctt 

5.25 
5.23 
5.25 
5.25 
5.25 
5.25 
5.25 


li 

11.25 
10.75 
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l. A coextruded multilumen umbilicus (5 lumens) . 
was made of Hytrel® 4056 Plastic Material. It was 
attached to the centrifuge as shown in Fig- 69 and 
rotated at 2000 RPM. The umbilicus included an upper 
and lower support member 204 and 206, each made of 
Hytrel'^ 8122 Plastic Material- The upper support 
member 204 also includes a tapered strain relief sleeve 
214 as described in Table 1. In Table 3, "Bottom" 
designates, the overall length of the umbilicus, in 
inches, measured from the lower support member 206 to 
the thrust bearing member 214,. In Table 2, "Top" 
designates the overall length of the umbilicus, in 
inches, measured from the upper support member 204 to 
the thrust bearing member 214- 

2/3/4. X, Y and angle a are designated in Fig. 

69. 

5. The load calculations were performed for the 
top and bottom umbilicus regions separately. 
Therefore, the total load on the thrust bearing m^nber 
214 is the sum of the loads from the top and bottom 
umbilicus regions. 

6. Stresses {in psi) indicated maximum von Mises 
stresses measured at the upper support member 204 (for 
the top umbilicus region) and at the lower support 
member 206 (for the bottom umbilicus region). 

Table 3 shows that, for an umbilicus having a total overall length of 41.3cm (16.25"), it should have an 27.9cm 
(1 1 ") top region and a 1 3.3cm (5.25") bottom region, and the thrust bearing member 21 4 should be oriented to provide 
a Distance (X) o( 10.3cm (4-1/16'); a Distance (Y) of 2.5cm (1.0'); and a thrust angle a of 30", This configuration 
yielded the lowest maximum tubing siress of 4.006. iO^ pascals (581 psi). The total axial load of (9.41 Ibl (6.84 + 2.57)}. 
was close to the design limit of 44N (10 Ibf).. 

Table 4 is another summary of the variations in stresses observed with changes in position and thrust angle a.of 
the thrust bearing member 214 based upon the same mathematical model. 



24 



EP0852953A2 



Stress* 


• 
• 

c 


1 

1 

u 


§ s s s 1 g g rs 8 § 1 s 

in <r5 wS wS vi ^' ^* irJ 


a 






7 


1 


30,51/10.59 

29,33/10.00 
to i7J6 67 
31.29/7.36 
3I.69/lim 
28.94/6.08 
33.06/11.48 
30.31/11.28 
29.23/2.45 

31.29/3.04 
31.59/2.84 

30.31/10.89 
30.21/11.48 




6.85/2.38 
6.60/2.24 

7.03/1.65 
7.23/2.49 
6.51/1,36 
7.43/2.58 
6.81/2.54 
6.57/0.55 
7.04/0.69 
7.10/0.63 
6.82/2.45 
6.79/2,58 


c 




53.2 
55.9 
48.3 
46.0 
SO. 7 
51.0 
48.5 
53.8 
56.4 
46.7 
51.3 
53.1 
53.6 




1 


! 








r 


g 


fo '«*> c*j «n «o «n rl ts' <>| <f\ f^' 




4 1/16 
4 1/16 
4 1/16 
4 1/16 
41/16 
4 1/16 
4 1/16 
4 
4 

4-. 

4 1/16 
4 




g 


1 

o 
H 


27.9/13.3 
27.3/13.3 
27.9/12.7 

2p.O/ IZ. / 

28.6/13.3 
27.3/12.7 
29.2/13.3 
27.9/13.3 
27.3/13.3 
28^6/12.7 
28.6/13.3 
27.9/13.3 
27.9/13.3 


.3 


1 11/5.25 
1 10.75/5.25 
jll/5 
1 11.25/5 
li/.25/5.25 
1 10.75/5 

11.5/5.25 

11/5.25 .. 

10.75/5.25 

11.25/5 

11.25/5.25 

11/5.25 
1 11/5.25 
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1. A coextruded multilumen umbilicus tS lumens) 
was made of Hytrel* 4056 Plastic Material. It was 
attached to the centrifuge as shown in Fig. 69 and 
rotated at 1800 RPM. The umbilicus included an upper 
and lower support member 204 and 206, each made of 
,Hytrel* 8122 Plastic Material. The upper support 
member 204 included a tapered strain relief sleeve 214. 
. In. Table 4, "Bottom" designates the overall length of 
the umbilicus, in inches, measured from the lower 
support member to the thrust bearing element. In Table. 
4, "Top" designates the overall length of thie 
umbilicus, in inches, measured from the upper support 
member to the thrust bearing member 214. 

2/3/4. X, y and angle a are designated in Fig. 69. 

5. The load calculations were performed by 
analyzing the entire umbilicus together, instead for 
the top and bottom umbilicus regions separately. Unlike 
the configuration described in Table 3, in Table 4, the- 
thrust bearing member 214 was left free asisume its own 
thrust angle a during rotation. 

6. Stresses (in psi) indicated the maximum von 
Mises stresses measured at the lower support member 

In Table 4; all toads on the thrust bearing member 214 were below the design limit of 4.5kgf (10 Ibf). The trust 
bearing member 214 localtori where Distance (Y) = 1 .4cm (0;546"); Distance (X) = I0.2cm (4"); and thmst angle a = 
51 .3*: and where the top umbiticus region was 2B.6cm (11. 25') and the bottom umbilicus region was 13.3cm (5.25'), 
gave the lowest maximum yon Mises stress of 4.633.10^ pascals (672 psi). However, for this umbilicus configuration, 
the radial distance (Z) was 14.4cm (5.665*). which exceeded the design limit ol 14cm (5.5"). For this reason, the 
orientation with the next lowest stress giving a radial Distance (Z) less that 14cm (5.5') was chosen, as italicized in 
Table4. 

Comparing Tables 3 and 4. it can be seen that fixing the thrust angle a instead of allowing the thmst bearing 
member 214 to assume a thrust angle a during rotation can reduce the maximum stress, although fixing the thrust 
angle a may increase the axial load of the bearing niember 214. 

In a preferred structural embodiment, the main bpdy.206 of the umbiticus 24 measures 42.5cm (16.75 inches) end 
to end. The overall length of the umbilicus 24, measured between the top and bottom block members 204 and 206 is 
45.1cm (17.75 inches). The distance between the bottom block 206 and the thrust bearmg member 214 is 12.9cm 
(5-3/32 inches). In use, the Dimension (X) is 10.2cm (4.0 Inch); the Distance (Y). is 1.4cm (0.546 inch); the Distance 
(Z) about 12.Bcm (5.033 inches). The length of the tapered sleeve 212 is 4.6cm (1 .8 inch). In the preferred arrangement, 
the thrust bearing member 214 is fixed at a thrust angle a during rotation of 53.6". 
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Figs. 70 to 75 show the details of loading a representative processing assenribly 1 4 on the centrifuge 16. 

The user preferably begins the set-up process by placing a template 408 over the sloped front panel of the centrifuge 
assembly (see Fig. 70). The template 408 Mudes cut-bul porttons 432 thai nest over fhe cassette holding slatfons 
236A/B/C and other operating components on the sloped front panel 238 of the cenlrituge cabinet 228. 

A layout 444 for the fluid circuit 18 is also printed on the template 408. The layout 444 shows the paths that the 
tubing branches attached to the cassettes 22A/B/C should take when the fluid circuit assembly 14 is properly set>up 
for use. 

Next (see Fig.71),theu8er8electsthetray26holdlngthefluidc(rcuitassembly 14 for the desired procedure. After 
' removing the overwrap 1 62, the user places the selected tray 26 on the template 408 on the front panel 238. 

The complementing orienlalion of the sloped front panel 230 and the tilled rolational axis 344 of the centrifuge 230 
conserve both vertical height and horizontal depth, as previously described.. Thus, as Figs. 71 to 73 sh0M( a typical 
user can reach all the operating components on the front panel iso to nest the tray 26 upon the cassette holding 
stations 236 without overreaching or extending his or her body. 

As Fig. 71 shows, at this point In the loading process, the user does not press the cassettes 22A/B/C into operath/e 
engagement on the holding stations 236, but merely rests thern atop the stations 236. 

With the tray 26 resting upon, but yet engaged by, the hold'ffig stations 236, the user removes the containers 20 
from the topmost layer 168 of the tray 26 (see Fig. 72). The user hangs the containers 20 on the designated hangers 
on the centrifuge assembly 12. As before noted, the typical user can reach )hese areas of the centrifuge assembly 12 
with. overextension or reaching. 

The remoyal'of the containers 20 presents the middle layer 166 of the tray 26 to the user. The processing chamber 
16. umbilicus 24, and attached tubflng branches of the fluid circuit 18 occupy this layer. 

As Fig. 73 shows, the user unpacks the fluid circuit 18. Following the template layout 444, the user lays the fluid 
circuit 18 out upon the front panel 238, making connections as required with the clamps 240 and sensors 244. 

As Fig. 74 shows, the user next folds open the door 234 to gain for access to the compartment 232 and the • 
centrifuge 230 it holds. As prevbusly described, the mutual orientation between the sloped front panel 238 and the 
tilled rotational axis 344 of the centrifuge 230 allow the typical user access to the chanriber assembly 350 without 
bending or stooping. 

The user pivots the first umbilicus mom\ 392 Mo its k)ading position and opens the clamp 400 (as Fig. 74 shows). 
The user then pivots the yoke cross arm 360 to place the chamber assembly 350 into its upward facing orientation. 
The user r)ext proves the spool 376 into its uplifted position for receiving the processing chamber 16. 

The user wraps the processing chamber 1 6 about the upraised and open spool 376. The user clamps the umbilicus 
supports 204 and 206 arid thrust beai^lng member 214 into their designated mounts, respectively 392, 396, and 394. 
Then, the user moves the spool 376 into its closed operating position. The user pivots and latches the yoke cross 
member 360 Into its downward facing operating position. The user ctoses the door 234 to the centrifuge compartment 
232. . 

The removal of the processing chamber 16. umbllfcus 24. and tubing 18 from the tray 26 in the proceeding steps 
presents the twttommost layer 164 of the tray 26 to the user.. The cassettes 22A/B/C occupy this layer 164. 

As Fig. 75 shows, the user presses down upon the cassettes 22A/B/C. placing them into operative engagement, 
with the stattons 236. The user completes the set up by operating the pump modules 254 to toad the tubing toops 134 
and 1 36 of each cassette 22A/B/C onto the pump rotors 298, as previously described. ^ 

The set up is now complete. The controller 246 proceeds to govern the operatkx) of the centrifuge assembly 12 
to carry out the desired procedure. 

Figs. 76 to 79 show the steps the user follows in disposing of the processing assembly 14 when the procedure is 
completed. 

As Fig. 76 shows, with the tray 26 supported on the front panel 236 of the centrifuge cabinet 228. the user collects 
the components of the fluid circuit assembly 14 in the tray 26 for disposal. The user can remove the cassettes 22NBf 
C from the hokJIng stations 236, freeing them fromihe cut-outs 150A/B/C in the tray. Once freed, the cassettes 22A/ 
B/C can be stacked one atop the other in the tray 26 (as Fig. 76 shows). Attematively. the user can keep the cassettes 
22A/B/C in place within the tray 26. 

The user then untoads the centrifuge 230, freeing the processing chamber 26 and umbilicus 24 and placing them 
in the tray 26 (as Fig. 77 shows). The rematriing tubing 18 and containers 20 are collected and placed in the tray 26. 

As Fig. 78 shows, the user lifts the tray 26 and the fluid circuit assembly 14 carried withia it from the centrifuge 
assembly 12. The user carries the tray 26 to a risceptacle 410 and up-ends the tray 26 to dump the components^ 14 
from it. 

As Fig. 79 shows, once unbaded, the trays 26 can nested together and stored for return to the manuf^turer for 
repacking, steriiizatbn, and reuse. The trays 26 can also be sent to a recycling facility. 
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. Alternatively, the user can dispose o! both the tray 26 and components 14 at the same time. 



Claims 

' s ' ' 

1. A (iquid flow cassette comprising a housing (110) having side wails (l30A,1dOB; 132A,132B) provided with first 
(T6) second (T7) third (T4) and fourth (T5) pump ports and a liquid port (T1 ), 

first and second flexible tubing loops (136,134) outside the housing (110) for engagement with respective 
w pump rotors; the first tubing loop ( 1 36) extending between the first and second ports (T6;T7) and the second . 

tubing loop (1 34) extending between this third and fourth ports (T4;T5)» 
the liquid port (T1 ) being attachable to a length of tubing outside the housing (110), 

characterised by: - 

IS • . ' ' 

a first series of cavities (F^) formed in the housing (110) interior and defining a primary path (F1) in commu- 
nication with the liquid port (Tl). and first (F11.F6)i second (F11.F12.F19.FiaF7) third (F11, F13, F19.F16.F4) 
and fourth (F.11.F13.F19,F17.F5), branch paths between the primary path (F1) and respective ports (T6:T7: 
T4;T5), and . . 

20 a second series of cavities (V^) formed in the housirig (110) interior and defining valve means (V3-V7) with 

valve diaphragms (11 6), which flex independentty of each other in response to the application of external force, 
the valve means ( V3-V7) being operable to establish liquid flow communication between the primary path (F1 ) 
and any selected one of said branch paths. 

2S 2. .A liquid flow cassette according to Claim 1, wherein the housing (110) has an interior wall (534) that divides the 
housing into a first interior area (1 1 4) and a second interior area (112). the first series of cayities (F^) being fomied 
within the first interior area (114) and the second series of cayities (V^) being formed.withiri the second Interior 
area (12). 

30 3. A liquid flow cassette according to Claim 2, wherein a generally rigid wall (118) overlies the first interior area (114) 
and externally seals the first.series of cavities (Ff^), and a generally flexible wall (116) overlies the second interior 
airea (1 1 2) and externally seals the second series of cavities (Vj^). and defines said diaphragms. 

4. Acassette according to any preceding claim and further ^ludin^ a second liqufd port'fTIO) on the housing (110) 
3s > attachable to another length of tubing that extends outside the housing (110)» wherein the first series of cavities 
(Fn) includes a second primary path (F10) and further communicating with the second liquid port (T10). and wherein 
the series of cavities (Vj^) defines further valve means controlling liquid flow between the second primary path 
(F10) and the branch paths (F4-F7 and F11-F19). 

40 s. A cassette according to Claim 4. including addttionai liquid ports (T2 J3 J8.T9) on the housing and communicable 
through vaJve means (V^) and selected branch paths with the ports (T4-T7). 

. 6. A cassette according to Claim 4. wherein the first liquid port (Tl ) is provided on one housing side wail (130A)t and 
the second liquid port (7B) is provided on the opposite housing side wall (130B). 

■45 ' 

7. A cassette according to any of the preceding clain>Si wherein the pump ports (T4-T7) hold their respective flexible 
tubing loops (134,136) in a freestanding, upright position on the housing (110). 

8. A cassette according to any preceding claim, whereby each fl^tble tubing loop (1 34, 1 36) lies In a plane oriented 
60 at an acute angle to the wall (130A.1 308) from which it extends. 

9. A cassette according to Claim 8, wherein the or each liquid port (Tl .T10) also extenids at an acute angle (a) to the 
correspond^g side wall (130A, 1308) of the cassette. 

ss 10. A cassette according to Claim 8 or 9» wherein said angle (a) is 10°. 
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